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In  v i fro  experiments  have  shown  that  twice  dally  exposure  of  iL  mutans 
to  various  f  I  uor I de  salts  has  shown  that  only  SnF2  significantly  alters 
this  organisms  growth  and  metabolism.  The  antibacterial  effect  of  SnFo  was 
associated  with  an  uptake  of  tin  Into  the  bacteria.  Fluoride  salts  of 
sodium,  lead,  zinc,  and  copper  had  little  effect  In  this  test  system.  The 
pH  of  the  various  fluoride  salts  generally  had  no  effect  on  the  test 
compound  activity  except  for  the  noted  Inactivation  of  SnFp  at  elevated 
pH's.  Since  SnF4  also  did  not  affect  the  growth  or  metabolism  of  iL 
mu-tans,  a  unique  property  of  SnF2,  possibly  Its  reactivity  In  an  aqueous 
environment,  may  be  responsible  for  Its  antibacterial  properties. 

Stannous  fluoride  was  compared  to  NaF  (5  ppm  F~)  in  the  drinking  water 
of  hamsters  to  test  whether  Snp2  bad  greater  carles  Inhibitory  effects  due 
to  Its  potential  antibacterial  effects.  The  number  of  enamel  and  dentinal 
carious  lesions  In  both  the  NaF  and  SnF2  group  was  significantly  different 
from  the  deionized  water  group;  however,  there  was  no  difference  In  carles 
scores  between  the  NaF  and  SnF2  group.  The  recovery  of  JL  mutans  was 
highly  variable  between  animals  and  showed  no  statistical  difference 
between  groups. 

Twenty-two  human  subjects,  who  were  regarded  as  potentially  carles 
active,  rinsed  twice  a  day  with  either  acidulated  NaF  or  SnF2  mouthrlnses, 
adjusted  to  200  ppm  F~.  There  was  a  small  (2  times)  but  significant 
reduction  In  Total  CPU  per  ml  sal lva  In  both  groups  after  a  year.  No 
differences  were  found  In  I  actobac I  I  I  I  counts  between  the  2  mouthrlnse 
groups  or  longitudinally  within  the  groups.  Of  I m porta nee  the  apparent 
selective  reduction  In'L.  mutans  found  In  those  subjects  rinsing  with  SnF2. 
At  the  end  of  I  year,  the  SnF2  group  had  less  (26  times)  fewer  JL.  mutans 
compared  to  baseline.  With  regard  to  caries,  -all  patients  continued  to  be 
carles  active  after  one  year  despite  the  use  of  two  dally  fluoride 
mouthrlnses;  however,  the  subjects  rinsing  with  SnF2  developed 
approximately  half  the  number  of  new  carious  lesions  to  those  subjects 
rinsing  with  acidulated  NaF.  With  regard  to  gingival  hea  Ith,  this  study 
did  find  that  SnF2  #as  an  adjunct  In  decreasing  gingival  Inflammation.  The 
lower  frequency  of  bleeding  sites  and  the  corresponding  lower  mean  Gl 
scores  In  the  SnF2  group  compared  to  the  NaF  group  demonstrates  that 
rinsing  with  SnF2  favorably  affected  gingival  health.' 

The  controlled  release  clinical  trials  were  designed  to  examine  the 
safety  and  efficacy  of  a  control  led  release  del  Ivery  system  of  SnF2  In  a 
small  number  of  human  subjects.  The  SnF2  restorations  showed  no  signs  of 
wear  or  loss  of  Integrity  In  both  the  trials.  The  salivary  fluoride  release 
rate  was  found  to  average  0.3  ppm  over  the  34  day  trial.  Some  effect  on 
both  the  quantity  and  proportion  of  microorganisms  was  noted  In  those 
subjects  who  had  a  SnF2~po I ycarboxy I  ate  restorations  In  place.  While  there 
was  an  I ncrease  of  recovery  of  total  colony  forming  units  from  salivary  in 
the  placebo  group  during  the  experimental  period,  probably  due  to 
suspension  of  oral  hygiene  In  this  period,  a  decrease  In  total  bacteria  was 
noted  In  the  SnF2  group.  This  decrease  in  salivary  microorganisms  may  be 
selective  slnco  sangu I s  recoveries  showed  no  difference  between  groups 
while  JL  mutans  recoveries  appeared  less  In  those  subjects  having  the  SnF2 
restoration.  The  effect  of  the  SnF2  del Ivery  system  against  plaque  and 
gingivitis  was  not  Impressive.  j 
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Summary 


I  n  v  i  fro  experiments  have  shown  that  twice  daily  exposure  of  mutans 
to  various  fluoride  salts  has  shown  that  only  SnF2  significantly  alters 
this  organisms  growth  and  metabolism.  The  antibacterial  effect  of  SnF2  was 
associated  with  an  uptake  of  tin  into  the  bacteria.  Fluoride  salts  of 
sodium,  lead,  zinc,  and  copper  had  little  effect  In  this  test  system.  The 
pH  of  the  various  fluoride  salts  generally  had  no  effect  on  the  test 
compound  activity  except  for  the  noted  Inactivation  of  SnF2  at  elevated 
pH»s.  Since  SnF4  also  did  not  affect  the  growth  or  metabolism  of  iL 
mutans.  a  unique  property  of  SnF2,  possibly  its  reactivity  In  an  aqueous 
environment,  may  be  responsible  for  its  antibacterial  properties. 

Stannous  fluoride  was  compared  to  NaF  (5  ppm  F-)  In  the  drinking  water 
of  hamsters  to  test  whether  SnF2  had  greater  carles  inhibitory  effects  due 
to  Its  potential  antibacterial  effects.  The  number  of  enamel  and  dentinal 
carious  lesions  In  both  the  NaF  and  SnF2  group  was  significantly  different 
from  the  deionized  water  group;  however,  there  was  no  difference  in  caries 
scores  between  the  NaF  and  SnF2  group.  The  recovery  of  iL.  mutans  was 
highly  variable  between  animals  and  showed  no  statistical  difference 
between  groups. 

Twenty-two  human  subjects,  who  were  regarded  as  potentially  carles 
active,  rinsed  twice  a  day  with  either  acidulated  NaF  or  SnF2  mouthrinses, 
adjusted  to  200  ppm  F“.  There  was  a  small  (2  times)  but  significant 
reduction  in  Total  CFU  per  ml  saliva  in  both  groups  after  a  year.  No 
differences  were  found  in  lactobacilli  counts  between  the  2  mouthrinse 
groups  or  longitudinally  within,  the  groups.  Of  Importance  the  apparent 
selective  reduction  in  ^  mutans  found  in  those  subjects  rinsing  with  SnF2. 
At  the  end  of  I  year,  the  SnF2  group  had  less  (26  times)  fewer  ^  m U-t.fi  Il-S 


compared  to  baseline.  With  regard  to  carles,  all  patients  continued  to  be 
carles  active  after  one  year  despite  the  use  of  two  dally  fluoride 
mouthrlnses;  however,  the  subjects  rinsing  with  SnF2  developed 
approximately  half  the  number  of  new  carious  lesions  to  those  subjects 
rinsing  with  acidulated  NaF.  With  regard  to  gingival  health,  this  study 
did  find  that  Snp2  was  an  adjunct  In  decreasing  gingival  Inflammation.  The 
lower  frequency  of  bleeding  sites  and  the  corresponding  lower  mean  61 
scores  in  the  SnF2  group  compared  to  the  NaF  group  demonstrates  that 
rinsing  with  Snp2  favorably  affected  gingival  health. 

The  controlled  release  clinical  trials  were  designed  to  examine  the 
safety  and  efficacy  of  a  control  led  release  del ivery  system  of  Snp2  In  a 
small  number  of  human  subjects.  The  SnF2  restorations  showed  no  signs  of 
wear  or  loss  of  integrity  In  both  the  trials.  The  salivary  fluoride  release 
rate  was  found  to  average  0.3  ppm  over  the  34  day  trial.  Some  effect  on 
both  the  quantity  and  proportion  of  microorganisms  was  noted  In  those 
subjects  who  had  a  SnF2~P° lycarboxy I  ate  restorations  In  place.  While  there 
was  an  Increase  of  recovery  of  total  colony  forming  units  from  salivary  In 
the  placebo  group  during  the  experimental  period,  probably  due  to 
suspension  of  oral  hygiene  In  this  period,  a  decrease  In  total  bacteria  was 
noted  In  the  SnF2  group.  This  decrease  In  salivary  microorganisms  may  be 
selective  since  iL  sangu I s  recoveries  showed  no  difference  between  groups 
while  iu  mutans  recoveries  appeared  less  in  those  subjects  having  the  SnF2 
restoration.  The  effect  of  the  SnF2  del  ivery  system  against  plaque  and 
gingivitis  was  not  impressive. 


STUDY  1:  DETERMINANTS  OF  THE  ANTIBACTERIAL  EFFECTS  OF  SNF2 
AGAINST  MUTANS :  IONS,  pH  VALENCE 


I ntroduct i on 

Fluoride  compounds  have  been  used  topical  ly  in  the  oral  cavity  for 
many  years  with  the  Intention  of  affecting  tooth  enamel  to  alter  Its 
resistance  to  dental  caries.  Fluoride  may  also  affect  the  bacteria  in  the 
mouth.  Blbby  and  van  Kesteren  (1942)  found  that  1  ppm  F“  as  NaF  reduces 
bacterial  acid  production.  While  there  are  some  antibacterial  properties 
of  NaF,  Snp2  has  been  shown  to  have  significantly  more  affect  against  oral 
m I croorgan I  sms  In  v I vo  and  _Ln  v I tro.  Recently  SnF2  has  been  shown  to 
selectively  reduce  iL  mutans.  the  bacterium  associated  with  dental  caries. 

The  difference  between  NaF  and  SnF2  'n  affecting  oral  bacteria  have 
been  suggested  to  be  due  to:  l.the  divalent  cation  ,Sn,  competing  with 
calcium  to  alter  bacterial  adhesion/cohesion;  2.  tin  oxidizing  the  thiol 
groups  of  bacterial  enzymes;  3.  the  large  uptake  of  tin  disrupting 
bacterial  metabolism;  or  4.  the  naturally  low  pH  of  SnF2  which  would  allow 
HF  formation  and  thus  be  more  antibacterial. 

The  purpose  of  this  report  was  to  compare  SnF2  to  other  compound 
having  simIMar  Ions,  pH,  valence,  or  atomic  weights  to  determine  what 
characteristic  of  SnF2  Is  necessary  to  produce  the  apparent  antibacterial 
affect  against  iL.  mutans. 


Materials  &  Methods 


Microorganism  .and  Med  l  um 

A  streptomycin-resistant  mutant  of  Streptococcus  mutans  NCTC  10449, 
known  to  adhere  to  smooth  surfaces  J_n  v 1 tror  and  to  produce  dental  carles 
in  rats  was  used  In  this  study.  Stock  cultures  were  maintained  by  monthly 
transfer  In  fluid  th log lycol I  ate  medium  (Difco)  supplemented  with  20%  v/v 
meat  extract  and  excess  CaCo-j.  For  experiments,  cultures  were  adapted  and 
grown  In  the  complex  medium  of  Jordan  et  al.  (I960),  supplemented  with  50 
mg  of  NjnCOj/l  and  containing  5$  sucrose  (pH  7.5). 


S' airless  steel  wires  (0.5  mm  diameter),  suspended  In  culture  tubes  by 
r  o  L  L  <■»  r  >,t  s,  were  useo  as  a  substratum  for  the  bacterial  plaques.  For 
plaque  ■*’,  i  0  ml  of  the  complex  medium  was  Inoculated  with  0.1  ml  of 
t  re  a  dap  r  e,j  d.  muTjl.LS  cultures  and  the  wires  were  Initially  colonized  by 
inoculating  them  in  the  medium  for  12  hr.  at  37°.  Intermittent  exposure  to 
the  various  test  agents  (Table  I),  starting  after  12  hr.  growth.  Involved 
removing  each  wire  from  the  medium,  placing  them  Into  the  appropriate  test 
solution  for  I  min.,  reducing  carryover  of  test  solution  with  a  I  min.  non- 
agitated  rinse  in  1 0  m  I  H^O  (pH  6.0),  and  then  placing  the  wire  Into  10  ml 
ct  fresh  growth  medium.  This  exposure  of  the  adherent  plaques  to  the  test 
solutions  was  repeated  2  more  times  at  12  hr.  Intervals. 

Al  I  experiments  were  terminated  after  48  hrs.,  12  hrs.  after  the  last 
exposure  to  the  test  agents.  The  thickness  of  the  adherent  plaques  was 
visually  scored  by  comparing  the  growth  to  standards.  Except  for  those 
samples  processed  for  electron  microscopy,  the  plaques  from  each  wire  were 


collected  Into  pre-welghed  tubes,  pelleted  by  centrifugation,  dried  for  3 
days  at  70°,  and  weighed.  The  pH  of  the  growth  medium  representing  12  hr. 
growth  was  also  determined  at  the  end  of  the  experiments. 

An  exception  to  the  above  procedure  took  place  in  one  trial  the  purpose 
of  which  was  to  test  the  effect  of  agents  on  "pre-formed"  plaque.  In  this 
experiment,  the  only  difference  was  that  plaque  was  allowed  to  form  on  the 
wires  for  48  hours  before  they  were  exposed  to  the  test  agents.  In  this 
case,  the  experiment  was  terminated  on  the  4th  day. 

Atom  I c  Absorption  Spectrophotometry 

Dried  samples  were  further  processed  to  determine  their  metal  content. 
Tin  quantity  was  determined  by  an  atomic  absorption  using  a 
spectrophotometer  (Perk  I n-E I mer ,  Model  403)  equipped  with  a  graphite 
furnace  (Model  HGA-74).  Lead  was  also  determined  with  the  aid  of  the 
graphite  furnace.  Zinc  and  copper  was  quantified  by  the  method  of  addition 
using  flame  atomic  absorption  spectrophotometry.  A  deuterium  lamp  was  used 
in  all  cases  to  correct  for  non-atomlc  absorption  signals. 


Microscopy 

Bacterial  specimens  designated  for  electron  microscopy  were  fixed  on 
their  wires  at  the  end  of  the  experiment  (48  hr)  with  2.5$  g  I  utera I dehyde 
in  phosphate  buffer  (pH  7.4,  390  mOsm)  and  postflxed  In  1$  osmium  tetroxlde 
in  veronal  buffer  (pH  7.3).  The  fixed  bacteria  were  then  removed  from  the 
wires,  washed  in  phosphate  buffer,  dehydrated  in  acetone  and  embedded  In 
epoxy  medium.  Thin  sections  were  prepared  with  a  LKB  ultramicrotome  using 
a  diamond  knife.  Silver-gold  colored  sections  were  examined  unstained  with 
a  Zeiss  EMIO  electron  microscope  at  80  kV. 

Energy-dispersive  x-ray  analyses,  to  confirm  the  presence  of  specific 


metal  deposits  In  or  on  the  bacteria,  were  performed  in  a  JOEL  JEM-100  CX  j 
transmission  electron  microscope  equipped  with  a  high  resolution  electron  j 
microscope  accessory  (ASID)  and  a  Kevex  SI  (LI)  x-ray  detector  connected  to  pjj 
a  MIcro-X  Analytical  X-ray  Spectrophotometer,  Model  7000.  ') 


Results 


An  Initial  trial  (Table  2),  comparing  the  Intermittent  exposure  of  four 
fluoride  containing  solutions  at  their  natural  pH's  showed  that  SnF2  ^ad 
several  effects  on  the  growth  of  adherent  mutans  cultures  compared  to 
the  other  fluoride  solutions.  Obvious  differences  in  plaque  scores,  dry 
plaque  weights,  and  acid  production  were  found  on  all  the  wires  exposed  to 
SnF2*  No  differential  growth  was  noted  in  those  plaques  exposed  to  NaF, 
ZnF 2  or  SnF4.  The  metal  content  of  the  dried  plaques  was  also  variable 
among  the  treatment  groups.  There  was  little  metal  content  in  those 
samples  exposed  to  Znp2.  Those  samples  exposed  to  $nF4  had  tin  present, 
but  not  nearly  as  great  as  those  plaques  exposed  to  SnF2*  In  the  SnF2 
samples,  approximately  4%  of  the  plaque  dry  weight  could  be  attributed  to 
tin. 

Another  trial  was  performed  in  an  attempt  to  discriminate  whether  the 
pH,  the  fluoride,  or  the  tin  content  could  account  for  the  noted  growth 
inhibition  of  the  SnF2  solution  (Table  3).  In  this  trial,  even  though  SnF2 
at  pH  2.5  had  a n t i bac ter i a  I  effects,  there  was  no  growth  alteration 
apparent  due  to  fluoride,  pH  or  due  to  tin,  per  se.  The  pH  of  the  SnF-> 
solution  was  critical.  Since  the  SnF2  solution  ad  justed  to  pH  7.0  had  no 
of f ect . 

To  further  uncerstand  the  effect  that  the  pH  of  SnF-,  ..  j  on  the 
observed  ant (plaque  properties,  SnFo  was  prepared  with  in  a  range  cf  pH's 
*'--r  <  -f  ,  and  tested  in  the  same  factorial  growth  system  (Table  4).  SnF 
s  ;  •■are.;  have  more  growth  inhibition  at  lower  pH’s,  w  i  these  plaques 

srr-  ^  :*■;,**  4  being  rest  affected,  resides  t*  r  low  pH  of  SnF  • 

so '  ■  t  \  s  ;  r  o  d  u  c  '  n,;  the  most  grow  ft  inhibit  ion,  p  I  aqi.es  exposed  to  these 

'  -  *  '  ■  ’  j  I  *  se  ~<sf  rr.eta  t  content  i  or  r  g  plague  (Table  4 ,  F:gure  I). 


Two  other  metal  Ic  fluoride  compounds  were  also  compared  to  NaF  to 
examine  whether  other  compounds  would  have  similar  effects  to  SnF2* 
Neither  PbF2  or  CuF2  at  the  2  pH's  examined  showed  any  effect  more  than  NaF 
at  comparable  pH  levels  (Tables  5  &  6). 

The  possibility  was  also  explored  that  established  bacterial  colonies 
would  affect  the  antibacterial  properties  of  SnF2*  i*.  mutans  plaques  were 
al  lowed  to  preform  on  the  w  Ires  for  2  days  before  being  exposed  to  SnF2. 
While  there  was  some  reduction  in  visual  plaque  score  and  acid  production 
in  those  samples  exposed  to  Snp2,  no  difference  In  plaque  weight  was  noted 
after  the  weight  of  tin  was  subtracted  from  the  plaque  dry  weight  (Table 
7). 

Electron  micrographs  of  those  bacteria!  specimens  exposed  to  H2O,  NaF, 
SnC  1 2,  ZnC I2  and  a  1  1  appeared  similar  with  morphologically  normal  gram- 
posltive  cocci  surrounded  by  extracellular  material.  However,  the  bacteria 
exposed  to  SnF2  had  frequent  el ectron-dense  granules,  most  often  within  the 
bacterial  cell,  but  occasionally  on  the  outer  cell  wall.  Energy-d i sper s I ve 
x-ray  microanalysis  of  this  electron  dense  material  revealed  peaks 
cor  respond  i  ng  to  the  Lc<(3.67  KeV)  and  L  ^(3.44  KeV)  peaks  for  tin. 
Besides  the  electron  dense  areas,  the  bacteria  exposed  to  SnF2  frequently 
were  also  noted  to  have  i ntr ace  I  I u I ar  e I ectron- I ucent  holes  and  distorted 
al  I  shapes  (Figure  3).  A  unique  feature  of  the  specimens  exposed  to  lead 
f  I  iiOr  i  oe  was  the  presence  of  electron  dense  granules  located  only  on  the 
outer  cell  wall  (Figure  4).  Electron  microprobe  of  the?"  granules 
confirmed  them  *0  be  lead  (L  -  IC.  50,  L  =  12.62  KeV). 
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Discussion 


The  results  In  these  series  of  experiments  confirm  our  earlier  findings 
that  SnF2  has  antibacterial  properties  against  iL  mutans.  and  this  effect 
appears  related  to  the  uptake  and  retention  of  tin  by  this  organism. 
However,  the  present  studies  show  that  compounds  similar  to  SnF2  *n  pH* 
Ions,  or  valence  have  little  or  no  effect  on  iL  mutans  growth  or 
colon izat I  on. 

While  others  have  reported  that  an  acidic  solution  of  NaF  has  some 
antibacterial  properties  due  to  the  cellular  uptake  of  hydrogen  fluoride, 
our  in  vitro  model  using  Intermittent  exposures  to  test  agents  showed  only 
slight  reduction  of  acid  production  and  no  growth  Inhibition  In  those 
bacteria  exposed  to  NaF  at  a  low  pH.  The  only  apparent  effect  that  pH 
alteration  had  on  the  test  solutions  was  that  noted  with  SnF2*  in  al1 
growth  parameters  tested,  there  was  an  Inverse  relationship  of  the  pH  to 
SnF2  solutions  and  Its  effectiveness  as  an  antibacterial  agent.  SnF2 
solutions  near  neutrality  showed  no  antimicrobial  properties.  Hydrolysis  of 
SnF2  solutions  at  elevated  pH's  probably  results  In  the  reduced 
antibacterial  properties. 

The  degree  of  bacterial  colonization  of  the  wires  at  the  time  of  the 
initial  SnF2  exposure  was  also  an  important  parameter  In  the  effectiveness 
of  SnF2«  In  our  experiments,  we  allowed  12  hours  for  the  wires  to  become 
colonized  by  mutans  before  the  first  exposure  to  the  test  solutions. 
Bacteria  that  had  less  time  to  colonize  the  wire  had  essentially  no  growth 
after  the  exposure  to  SnF2-  Conversely,  heavy  bacterial  colonization  of 
the  wires,  as  with  preformed  plaque,  reduced  the  ef feet i v i ness  of  the  I 
minute  exposures  to  SnF2*  Preformed  plaques  would  not  visually  grow,  buf 
they  st  I  I  I  were  metabol  ical  ly  active  as  shown  by  their  abi I  1 ty  to  reduce 


the  pH  of  the  growth  medium.  The  decreased  effectiveness  of  SnF2  with 
preformed  plaques  agrees  with  previous  findings  J_Q  vitro  and  In  v I vo. 
Perhaps  a  thick  bacterial  mass  reduces  diffusion  of  this  antibacterial 
agent. 

Unexpected  In  this  study  was  the  finding  that  only  SnF2  showed 
antibacterial  properties  against  jL  mutans.  Metal  salts,  especially  those 
with  high  atomic  weights,  are  generally  regarded  to  have  antibacterial 
properties.  SnCl2>  however,  has  been  previously  noted  to  have  little 
antimicrobial  activity.  This  compound  Is  unstable  In  aqueous  solutions 
which  probably  reduces  the  available  tin  to  the  bacteria.  The  fluoride 
salts  of  lead  and  zinc  were  tested  because  they,  like  SnF2,  are  divalent 
cations,  with  PbF2  having  a  greater  atomic  weight  and  atomic  diameter  than 
Snp2,  and  ZnF2  being  lighter  and  smaller.  Although  plaques  exposed  to  PbF2 
In  this  study  had  quantatlve  metal  uptake,  the  electron  micrographs  showed 
the  lead  to  be  located  only  on  the  outer  cell  wall.  No  alteration  In 
bacterial  growth  parameter  due  to  PbF2  was  observed.  Other  reports  have 
also  found  that  bacterial  cell  membranes  can  bind  lead  with  no  detectable 
effect  on  growth.  ZnF2  also  showed  no  effect  on  bacterial  growth,  but  In 
contrast  to  PbF2,  no  zinc  binding  In  or  on  the  bacteria  was  noted.  Other 
Investigations  have  shown  little  Inhibition  of  bacterial  growth  by  zinc 
compounds. 

Surpr I s I ng I y,  no  effect  on  bacterial  growth  was  noted  for  CUF2  or  SnF^. 
CuF2  has  been  reported  to  be  effective  in  reducing  bacteria  acid  production 
In  vivo.  In  the  present  study,  there  was  no  measurable  reduction  In 
bacterial  acid  production  by  CuF2»  nor  did  CuF2  alter  any  other  bacterial 
growth  parameters.  SnF^,  although  showing  no  effect  on  the  growth  of  S. 
mutans.  produced  some  quantatlve  retention  tin  In  the  cells.  The  electron 
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micrographs,  however,  showed  that  wl+h  SnF4»  "t’he  electron  dense  deposits 
were  located  only  on  the  surface  of  the  cells. 

The  apparent  unique  antibacterial  properties  of  Sn F2  Thus  appears  to  be 
asslclated  with  the  observed  Intracellular  retention  of  tin.  The  high 
percentage  of  tin  In  the  bacteria  as  measured  by  atomic  absorption 
spectrophotometry  and  the  large  numbers  of  'ntracellular  tin  deposits  found 
In  those  bacteria  exposed  to  SnF2  suggests  that  mu tans  cells  In  some  way 
transports  this  metal  Into  the  cell  where  It  becomes  firmly  bound.  The 
apparent  condensation  of  the  tin  Into  Intracellular  granules  may  be  an 
attempt  by  the  bacteria  to  reduce  the  harmful  effects  of  this  foreign  Ion. 
Metal Ic  granules  have  also  been  found  In  eucaryotlc  cells  exposed  to  metal 
compounds. 

The  Intracellular  tin  accumulation,  even  though  In  granules,  still 
appear  to  disrupt  iL  mutans  metabol Ism  as  demonstrated  by  the  reduced 
growth,  ac/d  production,  and  the  electron  microscopic  presence  of  holes  In 
many  of  the  bacterial  cells.  The  Intracellular  holes  found  In  the  SnF2 
treated  specimens  may  be  a  sign  of  unbalanced  bacterial  growth. 

The  unique  antibacterial  properties  of  SnF2  against  this  test  organism 
is  still  not  fully  understood.  No  single  property  of  SnF2  which  could  be 
Isolated  (l.e.,  pH,  valence,  cations,  or  size  of  the  molecule)  was 
Identified  as  an  Important  parameter  necessary  for  Its  effectiveness.  SnF£ 
In  aqueous  solution  is  highly  reactive  and  the  chemistry  of  the  reactions 
are  not  completely  understood.  It  might  be  that  this  reactivity  or  one  of 
the  species  formed  in  solution  Is  the  important  variable  which  allows  for 
the  uptake  of  tin  Into  the  iL  mutans  cell  and  the  consequent  antimicrobial 
proper  ties. 


CONCLUS ION 


Twice  dally  exposure  of  adherenct  iL  mutans  to  various  fluoride  salts 
has  shown  that  only  Snf2  significantly  alters  thals  organisms  growth  and 
metabolism.  The  antibacterial  affect  of  SnF2  was  associated  with  an  uptake 
of  tin  Into  the  bacteria.  Fluoride  salts  of  sodium,  lead,  zinc,  and  copper 
had  little  effect  In  this  test  system.  The  pH  of  the  various  fluoride 
salts  generally  had  no  effect  on  the  test  compound  activity  except  for  the 
noted  Inactivation  of  SnF2  at  elevated  pH's. 

Since  SnF4  also  did  not  effect  the  growth  or  metabolism  of  iu.  mutans. 
a  unique  property  of  SnF2<  possibly  It  reactivity  In  an  aqueous 
environment,  may  be  responsible  for  It  antibacterial  properties. 


STUDY  2:  EFFECT  OF  NAF  AND  SNF2  IN  DRINKING  WATER 
ON  HAMSTER  DENTAL  CARIES 


INTRODUCTION 

Besides  the  unquestionable  dental  carles  reduction  produced  by  fluoride 
Ions,  carles  has  also  been  shown  to  be  Inhibited  In  man  and  experimental 
animals  by  antiplaque  agents.  Several  studies  have  demonstrated  that,  in 
addition  to  Its  well  established  physicochemical  Interactions  with  enamel, 
stannous  fluoride  may  also  possess  antiplaque  properties.  A  recent  study 
has  shown  that  the  antimicrobial  properties  of  SnF2  can  be  demonstrated  I n 
v I tro  even  as  as  low  as  at  10  ppm  F~. 

There  has  been  only  one  study  In  humans  or  experimental  animals  that 
has  compared  the  carles  reduction  of  SnF2  +°  NaF.  In  that  study,  fluoride 
supplementation  (18  ppm  F“)  In  water  as  SnF2  produced  a  78$  carles 
reduction  In  rats,  while  NaF  produced  a  52$  reduction.  The  present  study 
was  performed  to  reexamine  whether  SnF2  produced  greater  carles  reduction 
than  NaF.  Furthermore,  our  study  was  to  examine  whether  the  potential 
antibacterial  effects  of  SnF2  was  correlated  to  a  possible  greater  carles 
reduction  of  this  compound  in  an  experimental  rodent  carles  study. 
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METHODS  AND  MATERIALS 


An ima-ls,  Plat,  Infection 

This  study  was  conducted  on  45  "conventional"  golden  outbred  Syrian 
hamsters.  To  Insure  that  the  effect  of  NaF  and  SnF2  *as  essentially 
topical,  the  experiment  was  begun  when  the  animals  were  approximately  38 
days  old.  The  Syrian  hamsters  third  molars  begin  eruption  on  day  30  and 
occlusion  Is  obtained  between  the  40-45  day. 

On  day  1  of  the  experiment  the  hamsters  were  orally  I nocu I  a ted  with 
0.2ml  of  a  log  culture  of  streptomycin  resistant  Streptococcus  mutans  NCTC 
10449  In  fluid  thloglycollate  medium;  and  given  the  NIH  2000  carl ogen 1 c 
diet  and  deionized  water  M  I  1  b  I  turn.  On  day  2,  the  hamsters  were 
reinoculated,  and  randomly  distributed  Into  deionized  H2O,  NaF,  and  SnF2 
groups.  Fifteen  hamsters  (5  per  cage)  received  5  ppm  fluoride  as  NaF 
(0.0110  g/l,  pH  6.5);  another  15  received  5  ppm  fluoride  as  SnF2  (0-0207 
g/  I ,  pH  4.0);  and  the  third  group  received  water  (pH  7.2).  The  fluoride 
solutions  were  made  and  distributed  Into  plastic  feeding  bottles  each  day. 

The  diet  and  water  continued  to  be  suppl  led  ad  I  I b 1  turn  untl I  the 
animals  were  sacrificed  on  day  64.  The  animals  were  weighed  at  the 
beginning  and  at  the  end  of  the  experimental  period. 

Recovery  M  Microorganisms 

The  left  maxillary  and  mandibular  molar  teeth  were  used  for 
m I c r o b I o I og  I  c  recovery  of  the  streptomyc I n-res  I  stant  fnfectant. 

Consecutively,  the  hamsters  were  overdosed  with  pentobarbital,  decapitated, 

and  the  cheeks  and  mandibular  condyles  were  cut  to  enable  better  access  to 

the  jaws.  The  molar  crowns,  along  with  some  supporting  bone,  were  excised 

as  a  unit  with  a  dental  Rongeur  and  placed  into  3  ml  of  cold  0.05$  yeast 


extract  broth  (pH  7.0).  The  organisms  were  dislodged  from  the  teeth  by 
sonication  (Bronson  Model  W 1 85D,  Plalnville,  NY)  using  a  microtlp  for  40 
sec  at  50  watts  and  an  output  setting  of  4. 

Serial  dilutions  were  performed  using  the  micro-method  of  Westergren 
and  Krasse  and  plated  on  Mltis  Sal Ivarius  agar  supplemented  with  0.001$ 
potassium  tellurite  and  200  g/ml  of  streptomycin.  After  Incubation  In 
candle  Jars  for  48  hr  at  35°,  the  streptomycin-resistant  mutans  were 
counted. 


To  assess  carles,  the  right  mandible  and  maxilla  were  defleshed  by 
dermestld  beetles.  The  numbers  and  extent  of  the  fissure  and  smooth 
surface  lesions  were  observed  under  a  dissecting  microscope  and  scored  by 
the  method  of  Konlg,  modified  so  that  only  enamel  and  dentinal  carious 
lesions  were  differentiated.  Enamel  carles  was  defined  as  areas  of  the 
smooth  surface  or  fissures  which  had  opaque  or  chalky  white  areas  In  the 
enamel.  Dentinal  lesions  were  defined  as  obvious  breaks  In  the  enamel. 
Proximal  surfaces  were  observed  by  sl ightly  separating  the  teeth  rather 
than  slicing  the  teeth  mes  I  a  I -d I sta  I  I y  which  could  completely  remove  the 
lesions.  The  jaws  were  numerically  coded  so  that  the  experimental 
histories  were  unknown  to  the  scorer. 

Stat 1st  leal  Analyses 

Differences  among  group  carles  scores,  microbiological  recoveries,  and 
animal  weights  were  tested  by  analysis  of  variance  using  the  Scheffe 
multiple  comparison  procedure.  All  tests  were  performed  at  the  0.05  level 
of  significance. 


RESULTS 


All  animals  survived  and  appeared  In  good  health  at  the  end  of  the 
experiment.  The  mean  weights  and  standard  deviation  per  group  In  grams 
were:  158  +  11,  148  ±  14,  and  142  +  9  for  the  F^O,  NaF,  and  SnF2  groups, 
respectively.  These  weights  were  significantly  different  suggesting  that 
the  fluoride  compounds  may  have  had  an  effect  on  the  weight  gains  during 
the  experimental  period.  In  5  animals,  minimal  microbial  recovery  of  iL 
m utan s  from  the  molars  (<10^)  resulted  In  el  Imlnatlon  of  these  animals 
f  urther  ana  lysis. 

Table  8  shows  the  microbial  recoveries  of  the  iL  mutans  at  the  end  of 
the  experiment.  The  recovery  of  strain  10449  was  variable  between  animals 
and  neither  the  actual  mean  nor  the  logarithmic  transf ormat I  on  of  the 
recovered  numbers  showed  statistical  differences  between  groups. 

Table  8  also  summarizes  the  carles  data  scores  and  Figure  5  Illustrates 
the  scores  of  enamel  and  dentinal  carles  found  In  the  three  groups  of 
animals  studied.  The  carles  produced  In  the  experiment  were  mainly 
small  and  uncoalesced  enabling  accurate  scoring  of  the  number  of  lesions. 
The  majority  of  the  carious  lesions  were  of  the  pit  and  fissure  type  with 
only  11  smooth  surface  lesions  being  found.  Ten  of  these  smooth  surface 
lesions  were  found  In  those  hamsters  In  the  deionized  water  group  and  one 
smooth  surface  lesion  In  the  SnF2  group.  The  reduction  of  enamel  and 
dentinal  caries  In  both  the  NaF  and  SnF2  groups  was  significantly  different 
from  the  deionized  F^O  group.  The  two  fluoride  groups,  however,  were  not 
statistically  different  in  any  caries  parameters  examined. 

DISCUSSION 

Certain  characteristics  of  experimental  caries  In  hamsters  should  be 
recognized  when  interpreting  these  results.  Dental  carles  on  the  smooth 
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surfaces  of  rodents,  I  [  ke  man.  Is  dependent  on  the  formation  of  adherent 
plaque.  However,  rodent  sulcal  lesions  are  not  associated  with  plaque 
formation,  and  may  be  modified  by  the  impaction  of  food  and  debris.  Thus  an 
agent  used  to  reduce  caries  rate  by  altering  microbial  growth  or  adherance, 
as  In  the  present  study,  would  most  likely  have  the  greatest  effect  on  the 
number  of  smooth  surface  lesions  where  It  could  exert  antibacterial 
act  Iv I ty . 

An  example  of  an  anttplaque  agent  being  more  effective  on  smooth 
surfaces  carles  Is  ch I orhex i d i ne  gluconate,  which  In  a  rodent  study  has 
been  shown  to  Inhibit  smooth  surface  but  not  sulcal  caries.  In  the  present 
study,  essentially  only  those  animals  In  the  deionized  water  group  had 
smooth  surface  carles.  Therefore,  It  was  not  possible  to  differentiate  a 
potentially  greater  carles  reduction  by  SnF2»  due  to  Its  ant  I bacter  I  a  I 
properties,  from  the  "fluoride  only"  effect  of  NaF  on  the  smooth  surfaces. 

As  expected,  the  present  study  also  demonstrated  that  both  NaF  and 
SnF2  reduced  sulcal  carious  lesions.  Several  studies  have  shown  that 
sulcal  carles  in  hamsters  and  rats  can  be  significantly  reduced  by  the 
continuous  administration  of  low  levels  of  fluoride  In  the  drinking  water  , 
or  higher  concentrations  applied  topically.  Our  results  did  not  find  SnF2 
to  have  a  statistically  greater  effect  than  NaF  on  sulcal  lesions.  Besides 
the  poor  potential  of  antiplaque  agents  on  rodent  sulcal  lesions,  the 
concentration  of  the  SnF2  was  possibly  too  low  to  have  an  antimicrobial 
effect.  Antiplaque  properties  of  SnF2  mouthrinse  concentrations  (100— 
1,000  ppm  F~)  are  known  to  Improve  as  the  concentr at  i on  of  SnFp  increases, 
furthermore,  very  dilute  solutions  c+  SnFo*  as  In  the  present  experiment, 
may  quickly  lose  soluble  stannous  ions.  Low  concentr at i ons  of  ch I  or  hex  I d  1  ne 
have  also  been  found  to  be  ineffective  in  reducing  carles  in  rats.  A  low 
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concentrat  1  on  of  SnF2  (0.002^)  was  examined  In  the  pr©s©n"f  because  higher 
concentrations  of  fluoride  Ions  (10  ppm  F_  as  NaF)  have  been  shown  to 
almost  entirely  eliminate  rat  carles  which  would  further  hinder  the 
possibility  of  observing  differences  between  SnF2  and  NaF. 

Another  characteristic  of  experimental  rodent  carles  Is  the  large 
variability  associated  with  microbial  recovery  of  the  infectant.  Our 
technique  of  excising  the  crowns  _Lq  toto  and  recording  the  absolute 
bacterial  recoveries  rather  than  relative  recoveries,  was  thought  to 
potentially  decrease  experimental  variance.  Yet  as  with  other  studies,  our 
data  shows  large  differences  In  microbial  recoveries  even  among  animals  In 
the  same  group.  Possibly  the  variance  Is  the  result  of  true  differences  In 
infection  among  the  animals  rather  than  experimental  error. 

CONCLUSION 

Stannous  fluoride  was  compared  to  NaF  (5  ppm  F~)  In  the  drinking  water 
of  hamsters  to  test  whether  SnF2  had  greater  caries  Inhibitory  effects  due 
to  Its  potential  antibacterial  effects.  Carles  was  produced  In  the 
hamsters  by  orally  Inoculating  them  with  streptomycin-resistant  nuilaos, 
and  feeding  them  NIH  diet  2000.  After  sacrifice  on  day  64,  the  hamster's 
left  molars  were  used  for  microbial  recovery  and  the  right  molars  were  used 
to  assess  carles. 

The  number  of  enamel  and  dentinal  carious  lesions  In  both  the  NaF  and 
SnF2  group  was  significantly  different  from  the  deionized  water  group; 
however,  there  was  no  difference  In  carles  scores  between  the  NaF  and  SnF2 
group.  The  recovery  of  JL  mutans  was  highly  variable  between  animals  and 
showed  no  statistical  difference  between  groups. 

The  present  study  demonstrated  that  both  NaF  and  SnF2  reduced  sulcal 
and  smooth  surface  lesions  In  the  hamster,  but  the  potential  difference 
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between  the  fluoride  compounds  was  not  evident.  It  Is  possible  that 
differences  between  NaF  and  SnF2  cannot  be  shown  In  a  rodent  carles  model 
due  to:  (I)  the  variability  of  Infection  and  carles  attack  among  animals; 
(2)  the  strong  effect  of  fluoride  Ion  on  the  carles  rates;  and  (3)  the 
necessary  low  concentration  of  the  agents  tested  which  may  mitigate 
potential  antiplaque  effects. 


STUDY  3:  MICR06 IOLOG 1C  EFFECTS  OF  SNF2  AND  NAF  MOUTHRINSES  IN  SUBJECTS 
WITH  HIGH  CARIES  ACTIVITY:  RESULTS  AFTER  ONE  YEAR 


Introduction 

The  major  efforts  In  the  prevention  of  denfal  carles  have  been 
directed  to  treatment  strategies  that  affect  tooth  enamel  or  to  the 
development  of  agents  that  alter  the  carlogenlc  microflora.  Fluorides,  In 
various  concentrations  and  regimens,  have  been  the  most  successful  agent  to 
date  In  preventing  this  disease.  Although  the  fluoride  effect  has 
traditionally  been  considered  to  be  the  result  of  Its  physicochemical 
Interaction  with  enamel,  there  Is  evidence  that  fluoride  also  alters 
bacterial  metabolism  at  low  concentrations,  and  Is  bactericidal  at  higher 
concentrations.  Chemical  agents  that  solely  affect  bacteria  (antibiotics 
and  antiseptics)  have  also  been  shown  to  alter  caries  activity.  Patients 
on  prophylactic  penicillin  treatment  for  medical  reasons  have  been  noted  to 
have  reduced  caries  activity.  Ch I orhex I d I ne,  a  potent  antiseptic,  has  also 
been  shown  to  reduce  caries  In  children.  Attempts  to  improve  caries 
reduction  by  combining  fluoride  with  antimicrobials  have  been  only 
partially  successful.  Ch I orhex I d I ne  diacetate  (1$)  combined  with  NaF 
(0.15$)  has  been  shown  to  have  an  additive  effect  in  reducing  rat  fissure 
carles,  Put  the  combination  was  not  superior  to  each  alone  with  regard  to 
smooth  surface  caries. 

It  has  recently  become  evident  that  a  specific  fluoride  compound, 
stannous  fluoride  (SnFp),  has  an  antimicrobial  effect  at  concentrations 
compatible  with  daily  f  I  uor  i  ce  use.  Short  term  clinical  studies  with  SnF-, 


have  suggested  possible  important  antimicrobial  properties.  There  Is 
presently  no  evidence  to  suggest  that  these  antimicrobial  properties  would 
affect  Streptococcus  mutans  and  I  actobac  I  I  I  i  —  bacter  1  a  correlated  to  the 
Initiation  and  to  the  progression  of  dental  caries  In  humans. 

The  aim  of  the  present  study  was  to  compare  the  effects  of 
mouthrinsing  with  NaF  and  Snp2  on  the  number  of  total  aerobic  salivary 
bacteria,  iL.  mutans  and  lactobacilll  numbers  in  a  group  of  subjects 
screened  for  potential  high  caries  activity. 


MATERIALS  AND  METHODS 


■S-Hkjects 

The  subjects  in  this  study  were  adults  over  the  age  of  18  having 
Incipient  carious  lesions,  high  numbers  of  unres^ored  carious  lesions,  and 
elevated  numbers  of  salivary  nutans.  The  58  subjects  were  Identified  by 
their  carles  prevalence  In  the  screening  clinic  at  the  University  of 
Connecticut  School  of  Dental  Medicine.  A  fol low-up  microbial  screening 
showed  that  58  subjects  had  greater  than  2.0  x  I05  JL  mutans  per  ml  saliva. 
These  subjects  were  regarded  as  potentially  high  in  caries  activity.  The  37 
subjects  who  consented  to  the  study  were  ranked  by  their  recoverable  number 
of  sal (vary  mutans  and  then  alternately  assigned  to  a  SnFp  or  an 
acidulated  NaF  mouthrirse  group.  During  the  first  year,  15  patients 
withdrew  from  the  study.  Of  the  remaining  22  patients,  9  were  considered 
partially  compliant  with  the  rrouthr  i  ns  i  ng  procedures.  Partially  compliant 
sub  j'ects  were  those  who,  by  their  own  report,  missed  more  than  4 
rout  hr  i nses  per  month  or  who  were  inconsistent  with  mouthr i ns i ng.  We 
verified  these  reports  by  monitoring  each  patient's  remaining  supply  of 
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mouthrlnse  and  by  questioning  the  patients  monthly  for  recall  of  their 
fluoride  usage. 


Treatment 


After  baseline  data  were  obtained,  subjects  were  Instructed  to  use  10 
ml  of  their  respective  mouthrlnses  twice  dally  for  I  minute  per  rinse.  The 
SnF2  rinse  was  diluted  with  water  (I  part  rinse;  4  parts  H20)  immediately 
before  use  to  produce  a  final  fluoride  concentration  of  20 0  ppm  F~  and  a  pH 
of  3.4.  The  acidulated  NaF  mouthrlnse  was  used  full  strength  at  a  fluoride 
conceniraf  I  on  of  200  ppm  F~  and  a  pH  of  4.0.  One  month  after  the 
Initiation  of  mouthrinsing,  each  subject  received  3  dental  hygiene 
appointments  at  one  week  Intervals.  The  oral  hygiene  Instruction, 
cleaning,  scaling  and  root  planing  were  performed  by  one  dental  hygienist, 
blind  to  the  subjects'  treatment  categories.  The  subjects  were  also 
assigned  to  a  dental  resident  for  restoration  of  teeth  with  active  carious 
lesions.  They  were  contacted  monthly  to  reinforce  oral  hygiene,  to  monitor 
their  fluoride  usage  and  to  resupply  them  with  mouthrlnse. 


Stimulated  saliva,  produced  by  chewing  on  a  piece  of  paraffin  wax,  was 


collected  from  each  subject  at  the  screening,  at  the  baseline  examination, 
and  after  I,  3,  6  and  12  months.  Each  sal  'va  sample  was  sonicated  for  I 
min.,  vortexed  for  30  sec.,  and  serially  diluted  from  I0-1  to  10“^, in  0.05 
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M  phosphate  buffer  (pH  7.0).  From  each  dilution,  25  jj I  was  spotted  In 
duplicate  on  one-third  of  the  surface  of  an  agar  plate.  The  dilutions 
having  20-100  colony  forming  units  were  counted  with  the  aid  of  20X 


macn  i  f  1  _<a  f  i  i,n.  The-  mean  of  the  2  samples  from  these  dilutions  *  as  used  ;  r 
the  a  na  I  v  s  i  s. 


For  cultivation  of  all  aerobic  bacteria,  (Total  CFU )  dilutions  were 
spotted  or  1 0  J  sheep  blood  agar  plates,  incubated  for  24  hours  In  a  CO2- 


enriched  environment  (candle  Jar)  at  35°C  and  counted.  For  determination  of 
the  number  of  JL.  mutansr  a  selective  medium  consisting  of  M i 1 1 s-Sa I  I var  i us 
agar  containing  0.2  unlts/ml  Bacitracin  was  used.  After  spotting,  the  agar 
plates  were  incubated  for  48  hours  in  a  candle  Jar.  Those  colonies  with 
morphologic  characteristics  of  JL  mutans  were  counted  and  their  Identities 
confirmed  when  necessary  with  biochemical  tests.  Lactobacilli  were 
cultivated  with  the  aid  of  Rogosa  SL  agar  plates.  The  spots  were  allowed 
to  dry  and  then  a  further  portion  of  the  agar  was  poured  over  the  surface. 
Lactobacillus  counts  were  determined  after  48  hours  incubation. 

Statistical  Methods 

The  difference  In  Total  CFU,  iL  mutans.  and  lactobacllli  between  the 
two  groups  were  analyzed  by  two  way  analysis  of  variance  for  repeated 
measures.  Pairwise  contrasts  at  each  time  Interval  were  computed  by  the 
method  of  Schaffe.  Due  to  unequal  variances,  logs  of  the  microbial  counts 
were  used  for  this  analysis.  Differences  In  colony  forming  units  between 
baseline  and  I  year  for  each  subject  were  analyzed  by  unpaired  t-test. 
Subjects  were  also  ranked  according  to  levels  of  JL.  mutans  and  the 
difference  between  these  ranked  groups  was  analyzed  non-parametr I ca I  I y  by 
the  Wllcoxon  two-sample  ranks  test  for  unpaired  measurements. 

Resu I ts 

Of  the  38  subjects  who  started  in  the  study,  22  remained  after  I 
year.  Of  these,  only  13  were  identified  as  being  completely  compliant  with 
the  instruction  to  rinse  twice  daily  over  the  study  year. 

Analysis  of  Total  CFU  data  showed  no  difference  in  this  parameter 
between  the  NaF  and  SnF2  groups  (Table  9).  Both  groups,  however,  showed  a 


significant  two-fold  reduction  over  baseline  values  In  Total  CFU  after  1 


year  (Tab  I  es  9  A  13). 

The  alternate  assignment  of  subjects  by  Initial  sal Ivary  iL  mutans 
levels  Into  the  acidulated  NaF  or  SnF2  groups  produced  two  closely  matched 
populations  with  regard  to  their  mean  numbers  of  iL  mutans  and  to  their 
ranking  relative  to  their  iL  mutans  levels  (Tables  10  A  II).  This  match  was 
maintained  even  though  40$  of  the  subjects  dropped  out  of  the  study.  The 
mean  recoverable  sal Ivary  iL  mutans  levels  comprised  1.6$  of  the  total 
recoverable  flora  In  this  population  at  baseline. 

After  I  month  the  number  of  iL  mutans  was  significantly  reduced  from 
baseline  In  the  group  rinsing  with  SnF2,  especially  In  those  subjects 
Identified  as  completely  compliant.  At  3  months,  the  reduction  of  S. 
mutans  In  these  subjects  showed  maximum  effect.  Three  subjects  compliant 
with  SnF2  mouthrinsing  had  no  detectable  S.  mutans  at  this  examination.  At 
6  months,  there  was  a  moderate  rise  In  iL  mutans  levels,  which  In  the 
compliant  subjects,  leveled  between  from  6  months  to  I  year.  The  subjects 
considered  partially  compliant  with  the  SnF2  rinsing  regimen  showed  less 
dramatic  reductions  In  iL  mutans  counts  until  the  I  year  examinations.  At 
this  point,  a  large  drop  In  recoverable  iL  mutans  was  evident  (Table  10). 

A  significant  difference  In  sal Ivary  JL  mutans  levels  between  the  SnF2 
and  acidulated  NaF  subjects  was  evident  at  the  I  year  exam  for  all  degrees 
of  compliance.  The  entire  SnF2  group  at  I  year  had  dramatically  lower  iL 
mutans  counts  from  baseline  levels,  however,  no  change  from  baseline  was 
detected  In  the  NaF  group  (Tables  10  A  13).  Of  the  12  subjects  In  the  SnF2 
group  whose  recoverable  iL  mutans  levels  were  greater  than  2.0  x  10^/ml 
saliva  at  baseline,  10  subjects  were  noted  to  have  less  than  200,000  iL 
mutans/ m I  saliva  at  I  year.  The  acidulated  NaF  group,  showed  no  alteration 
in  iL  mutans  from  their  baseline  levels  (Table  11). 

The  lactobacilli  recoveries  showed  no  significant  differences  between 
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groups  or  longitudinally  within  the  treatment  categories.  The  variation  In 
number  of  recovered  lactobacllll  was  very  large,  even  In  the  same  subject 
at  different  sampling  times.  This  lack  of  consistent  recovery  of 
lactobacllll  is  reflected  by  the  standard  deviations  which  were 
consistently  higher  than  means  at  all  sampling  Intervals  (Table  12). 

Discussion 

Certain  study  design  limitations  should  be  recognized  when  examining 
the  results  and  evaluating  the  appropriateness  of  the  statistical  tests. 
The  22  subjects  remaining  after  I  year  do  not  represent  a  normally 
distributed  population  so  these  results  should  not  be  compared  to  the 
population  in  general.  The  population  Is  skewed  since  only  those  subjects 
that  had  high  caries  prevalence  and  elevated  salivary  ^  nuilans  counts  were 
selected  as  potential  subjects,  and  only  approximately  half  of  the  subjects 
who  began  the  study  were  examined  at  1  year.  Instead  of  random  assignment 
Into  the  two  treatment  groups,  subjects  were  ranked  according  to  JL  mu-tans 
levels  and  then  alternately  assigned  to  rinse  with  acidulated  NaF  or  SnF2. 
This  was  done  because  JL  mutans  levels,  the  most  Important  variable,  vary 
greatly  among  Individuals  and  It  was  desirable  to  have  this  variable 
balanced  at  baseline  due  to  the  relatively  few  subjects.  Furthermore, 
since  the  study  has  no  real  control  group,  the  small  but  significant 
longitudinal  change  In  Total  CFU  in  both  the  treatment  groups  cannot  be 
attributed  with  certainty  to  a  treatment  effect. 

Trie  change  in  ^  mutans  counts  are  striking  even  conslaerlng  the  design 
limitations.  SnF^,  appears  to  have  a  potent  long  term  effect  on  salivary 
mutans  levels.  While  the  effect  is  most  evident  in  the  patients  Identified 
as  completely  compliant  with  rinsing  twice  a  day  ,  It  was  also  found  in 


those  subjects  who  were  partially  compliant  with  mouthrlnse  usage.  This 

dramatic  reduction  In  iL  mutans  may  possibly  explain  why  after  1  year  the 
subjects  rinsing  with  SnF2  had  half  the  carles  increment  as  those  rinsing 

with  acidulated  NaF. 

I  n  vitro  studies  determining  minimum  Inhibitory  and  lethal 
concentrations  of  various  fluorides  have  clearly  shown  that  iL  mutans  Is 
more  susceptible  to  SnF2  than  other  fluoride  compounds.  The  large  tin 
accumulation  In  bacteria  exposed  to  SnF2  may  contribute  to  the  greater 
antimicrobial  activity  of  SnF2* 

The  apparent  selective  supresslon  of  .L.  mutans  (reduction  of  iL  mutans 
relative  to  Total  CFU)  by  SnF2  Is  also  of  Interest,  since  iL  mutans  Is  now 
considered  the  Important  microorganism  for  the  Initiation  of  dental  carles. 
Other  human  and  animal  studies  using  NaF,  Instead  of  SnF2>  have  also  shown 
selective  reductions  I n  S.  mutans.  Such  selectivity  of  a  non-ant i b I ot I c 
against  a  specific  pathogen  is  not  easily  understood.  One  In  y.l_tr.Q  study 
using  mJnlmJum  bactericidal  concentrations  found  that  JL  sangu I s  and  i, 
mutans  had  similar  sensitivities  to  fluoride  compounds^®.  Furthermore, 
other  effective  antiplaque  agents  have  shown  only  non-specific 
antimicrobial  properties  against  oral  flora.  The  substantial  supresslon  of 
iL  mutans  by  SnF2  found  In  this  study  and  the  reported  selectivity  of 
fluorides  in  general  against  iL  mutans  needs  further  study.  If  SnF2  does 
have  a  specific  effect  against  iL,  mutans.  then  SnF2  would  have  major 
advantages  over  other  agents  In  the  treatment  of  subjects  having  high 
caries  activity  associated  with  elevated  iL  mutans  levels.  The  microbial 
selectivity  and  the  well  documented  physicochemical  effect  of  SnF2  on  tooth 
enamel  would  probably  make  this  compound  superior  to  sodium  fluoride  or 
antiseptic  treatment. 

The  group  rinsing  with  acidulated  NaF  showed  I  I tt I e  change  In  oral 


flora  using  the  methods  and  the  parameters  of  this  study.  This  finding  Is 
In  agreement  with  others.  While  elevated  concentrations  of  fluoride  are 
bactericidal  mouthrlnse  levels  of  NaF  appear  to  have  little  effect  on 
sa I  I  vary  f lora. 

The  lack  of  effect  of  both  fluoride  agents  and  dental  treatment  on 
lactobacill!  was  not  surprising.  Neither  ch I  or hex  I d I ne  nor  fluoride  has 
shown  potential  In  supresslng  this  microorganism.  Also  In  the  present 
study,  the  great  variability  of  lactobacill I  counts  even  In  the  same 
Individual,  I  Imlted  the  mean  I ngf u I  ness  of  this  parameter.  Even  though 
salivary  lactobacill I  recoveries  are  known  to  correlate  with  carles,  this 
organism  Is  no  longer  considered  as  Important  as  iL  m utans  for  the 
Initiation  of  dental  carles. 


Cone  I  us  I  on 

Twenty-two  subjects,  who  were  regarded  as  potentially  carles  active, 
rinsed  twice  a  day  with  either  acidulated  NaF  or  SnF£  mouthrlnses,  adjusted 
to  200  ppm  F“.  At  basel I ne,  and  after  1,  3,  6,  and  12  months  each 
subject's  saliva  was  analyzed  for  Total  CFU,  JL  mutans,  and  I actobac I  I  I  I . 

There  was  a  small  (2  times)  but  significant  reduction  in  Total  CFU  per 
ml  saliva  in  both  groups  after  a  year.  No  differences  were  found  In 
lactobacill I  counts  between  the  2  mouthrlnse  groups  or  longitudinally 
within  the  groups.  Of  Importance  was  the  apparent  selective  reduction  in 
j,  mutans  found  in  those  subjects  rinsing  with  SnF2-  While  there  was 
essentially  no  change  in  mutans  In  the  NaF  group,  all  subjects  in  the 
SnF2  group  had  large  reductions.  At  the  end  of  1  year  the  SnF2  9rouP  haa 
less  (26  times)  fewer  mutans  compared  to  baseline.  The  reduction  in  iu 
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mutans  levels  correlates  to  the  reported  lower  carles  scores  in  the 
subjects  rinsing  with  SnF2. 

The  selective  antimicrobial  actions  of  SnF2  against  JL.  mutans  and  the 
established  physicochemical  action  of  SnF2  with  tooth  enamel  may  make  this 
agent  superior  to  other  fluoride  agents  in  the  treatment  of  subjects  having 
high  caries  activity  associated  with  elevated  Jk  mutans  levels. 
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STUDY  4:  EFFECT  OF  SNF2  AND  ACIDULATED  NAF  MOUTHRINSE  ON  CARIES  INCIDENCE 
IN  ADULTS  WITH  HIGH  NUMBERS  OF  ^  MIITANS  AND  HIGH  CARIES  PREVALENCE 


INTRODUCTION 

It  Is  well  documented  that  topically  applied  fluorides  decrease  carles 
activity,  but  there  has  been  no  strong  evidence  demonstrating  the  relative 
effectiveness  of  fluoride  compounds.  Currently,  fluoride  Is  believed  to  be 
effective.  In  part,  due  to  Its  ability  to  stimulate  rem I nera I Izat Ion.  Other 
physicochemical  and  antibacterial  mechanisms  may  have  Important  anticarles 
action  as  well.  The  principal  fluoride  solution  used  today,  NaF,  decreases 
plaque  formation  when  applied  at  high  concentrations,  but  not  at  mouthrlnse 
levels.  Stannous  fluoride  (SnF2)»  however,  has  been  shown  to  have 
antibacterial  properties  at  mouthrlnse  concentrations  J_n  v Itro  and  In  v  I  vo. 

Children  with  a  high  carles  Incidence  harbor  large  numbers  of 
Streptococcus  mu tans  per  ml  sal Iva.  When  the  number  of  iL  mutans  is 
decreased,  the  carles  Incidence  Is  reduced.  Even  though  It  has  been 
suggested  that  topically  applied  NaF  should  be  more  effective  In  high  risk 
children,  at  least  one  study  has  shown  that  NaF  has  little  effect  on 
subjects  with  high  caries  activity  Indicating  that  factors  such  as 
microorganisms  and  diet  cannot  be  nullified  by  NaF.  SnF2  mouthrlnse  with 
its  potential  antimicrobial  activity,  however,  has  not  been  tested 
specifically  on  high  risk  subjects.  Furthermore,  while  it  has  been  shown 
that  children  with  high  DMFS  scores  and  high  numbers  of  JL  mutans  are  at 
risk  for  carles,  such  studies  in  adults  are  largely  lacking. 

The  aims  of  this  study  were:  1.  to  compare  the  effectiveness  of  SnF2 
and  acidulated  NaF  in  adults  with  high  numbers  of  mutans  and  high  caries 
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prevalence  and  2.  to  determine  If  the  number  of  S.  mutans  and  the  carles 
prevalence  can  be  used  to  predict  the  Incidence  of  carles  in  adults. 


MATERIALS  AND  METHODS 

Sub  jects 

The  subjects  In  this  study  were  adults  over  the  age  of  18  living  In  a 
fluoridated  area.  They  had  Incipient  carious  lesions,  high  numbers  of 
unrestored  carious  lesions  and  elevated  numbers  of  _£*.  mutans  In  their 
saliva  Indicating  high  carles  activity.  Of  the  58  subjects  first  Identified 
by  their  carles  prevalence  In  the  screening  cl Inlc  at  the  University  of 
Connecticut  School  of  Dental  Medicine,  subsequent  microbial  screening 
showed  that  38  subjects  had  greater  than  2  X  10^  ^  mutans  per  ml  sal  Iva. 
These  subjects  were  regarded  as  potentially  highly  carles  active  .  The  37 
subjects  who  consented  to  the  study  were  ranked  by  their  number  of  S. 
mutans  and  then  alternately  assigned  to  a  SnF2  or  an  acidulated  NaF 
mouthrlnse  group.  During  the  first  year  15  patients  withdrew  from  the 
study.  Of  the  remaining  22  patients,  9  were  considered  partially  compliant 
with  the  mouthrinsing  procedures.  Partially  compliant  subjects  were  those 
who,  by  their  report,  missed  more  than  4  mouthrlnses  per  month,  or  who  were 
Inconsistent  with  mouthrinsing.  We  verified  these  reports  by  monthly 
monitoring  of  each  patient's  remaining  supply  of  mouthrlnse  and  by 
questioning  the  patients  for  monthly  recall  of  their  fluoride  usage. 

After  baseline  data  were  obtained,  subjects  were  Instructed  to  use  10 
ml  of  their  respective  mouthrlnses  twice  dally  tor  1  minute  per  rinse.  The 
SnFo  rinse  (Iradicav^,  Johnson  &  Johnson  Co.,  East  Windsor,  NJ )  was  diluted 
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with  water  (1:4)  Immediately  before  use  to  produce  a  final  fluoride 
concentration  of  200  ppm  F-  and  a  pH  of  3.4.  The  acidulated  NaF  mouthrlnse 
(Phos-Flur  Oral  Rlnse^,  Hoyt  Laboratories,  Needham,  MA)  was  used  full 
strength  at  a  fluoride  concentration  of  200  ppm  F"  and  a  pH  of  4.0.  One 
month  after  the  Initiation  of  mouthrinsing,  each  subject  received  3  dental 
hygiene  appointments  at  one  week  Intervals.  The  oral  hygiene  Instruction, 
cleaning,  scaling  and  root  planing  were  performed  by  one  dental  hygienist, 
blind  to  the  subjects'  treatment  categories.  The  subjects  were  also 
assigned  to  a  dental  resident  for  restoration  of  teeth  with  active  carious 
lesions.  They  were  contacted  monthly  to  reinforce  oral  hygiene,  to  monitor 
their  fluoride  usage  and  to  resupply  them  with  mouthrlnse. 

Caries  recording  was  performed  with  the  aid  of  a  front  surface  dental 
mirror,  explorer  and  posterior  bite-wing  radiographs.  Prior  to  examination 
the  teeth  were  cleaned  and  dried.  All  decayed,  filled  and  missing  surfaces 
In  the  permanent  dentition  were  recorded  excluding  third  molars.  Incipient 
smooth  surface  lesions,  not  Included  In  the  DMFS  score,  were  described  by 
their  size.  All  recordings  were  performed  by  the  same  dentist.  The 
diagnostic  error  was  calculated  by  duplicate  recording  performed  on  8 
subjects,  5  to  14  days  after  baseline  examination.  The  reproducibility 
score,  i.e.  the  number  of  surfaces  diagnosed  as  carious  or  sound  at  both 
exam i nat I ons,  was  93$.  At  the  end  of  the  year  the  subjects  were  re¬ 
examined  for  new  lesions. 

Mi.cr o  Li  cl j 

!.  ♦  l  mu  I  ated  sal  iva  from  each  subject,  produced  by  chewing  on  a  p  I  ece  of 
paraffin  wax,  was  collected  at  the  screening  and  baseline  examinations, 
fc  ac  ft  sal  iva  sample  was  immediately  vortexed,  diluted  In  0.05  M  phosphate 
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buffer  (pH  7.0)  and  plated  on  Mi ti s-Sal Ivar i us  agar  containing  0.2  unlts/ml 
Bacitracin  (MSB)  by  the  micromethod  of  Westergren  and  Krasse.  The  agar 
plates  were  incubated  for  48  hours  In  a  C02-enchr I ched  environment  (candle 
jar).  The  mean  count  of  the  two  samples  was  considered  the  patient's  number 
of  mutans/m I  saliva.  Subsequent  saliva  samples  were  taken  at  1,  3,  6, 
and  12  months. 

Statistical  Methods 

The  differences  in  caries  Incidence  between  the  two  groups  were 
analyzed  non-parametr I ca I  I  y  by  the  Wilcoxon  two-sample  ranks  test  for 
unpaired  measurements.  All  tests  were  performed  at  the  0.05  level  of 
s  I  gn i f i cance. 

RESULTS 

The  subjects,  who  were  alternately  assigned  to  either  the  acidulated 
NaF  or  SnF2  groups  by  their  levels  of  Inital  JL  mutans/ m I  saliva,  had  other 
baseline  characteristics  that  were  well  distributed.  The  subjects  in  the 
acidulated  NaF  group  presented  with  means  of  7.5  white  spot  lesions,  15 
unrestored  carious  lesions  and  a  total  mean  DMF(S)  of  63.2.  The  group 
assslgned  to  rinse  with  SnF2  had  means  of  7.8  white  spot  lesions,  12.7 
unrestcred  carious  lesions  and  a  total  mean  DMF(S)  of  76.4  (Tables  14  &  15) 
Note  that  part i a  I  I y-com p I  I  ant  and  compliant  subjects  were  considered  one 
group  in  the  statistical  analyses. 

The  population  of  subjects  was  general  ly  unrel  iable.  Of  the  38 
who  started  the  study,  22  were  in  the  study  after  1  year  and,  of 
;  were  identified  as  being  completely  compliant  with  the 
*•..  t  •'  »o  r  i  rse  twice  every  day  over  the  study  year. 

c ■  ;  the  year,  all  subjects  who  rinsed  with  acidulated  NaF 
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i  w  <  ar  ious  lesions.  The  mean  numbers  of  new  lesions  were  4.3 


and  4.5,  respectively  for  the  compliant  and  part  I  a  I  I y-compl I  ant  acidulated 
NaF  rinsing  groups.  Of  the  44  new  lesions  after  1  year  in  this  group,  10 
(23$)  were  recurrent  lesions  (Table  15).  The  carles  activity  after  1  year  In 
the  Snp2  group  was  significantly  lower.  The  mean  numbers  of  new  lesions 
for  the  SnF2  group  were  2.3  and  2.8  respectively  for  the  compliant  and 
part  I  a  I ly-comp I  I  ant  groups.  Two  subjects  who  rinsed  regularly  with  SnF2 
developed  no  new  lesions,  while  1  subject  In  both  the  compliant  and 
part  I  a  I  I y-comp I  I  ant  group  developed  5  new  lesions.  Recurrent  decay 
contributed  28$  of  the  total  new  lesions  In  this  group  (Table  15). 

DISCUSSION 

Carles  prevalence  was  used  as  the  primary  criterion  to  select  adults 
with  high  carles  risk,  since  It  has  been  demonstrated  that  carles  Incidence 
correlates  to  carles  prevalence.  In  this  study,  however,  the  numbers  of 
unrestored  and  Incipient  carious  lesions  were  considered  more  Important  In 
Identifying  high  risk  patients  because  Klock  and  Krasse  have  shown  that 
these  parameters  are  better  correlated  to  carles  Incidence  than  missing  and 
filled  surfaces.  Based  on  the  clinical  data,  potential  subjects  were 
screened  for  high  numbers  of  sal  Ivary  jL.  mutans  since,  at  least  In 
children,  high  carles  prevalence  In  combination  with  high  numbers  of  S. 
mutans  correlates  better  to  caries  activity  than  carles  prevalence  alone. 
According  to  the  I  imits  set  by  Zickert  el  a  I .  subjects  with  more  than 
200,000  mutans  /ml  saliva  were  considered  at  high  risk  and  accepted  for 

the  study. 

Because  all  subjects  received  fluoride,  it  is  not  possible  to  show  the 
true  carles  incidence  for  this  type  of  population.  It  Is  reasonable  to 
assume  that  our  selection  process  for  high  risk  patients  was  valid  since 


bo+h  the  Incidence  and  the  carles  prevalence  In  the  two  test  groups  In  this 
study  were  considerably  higher  than  Lu  a±  a  I .  reported  for  adults  In  a 
non  f  I  uor  I  dated  area  of  the  U.S.  (DMFS=38;  DMFS  =  0. 69/year ).  It  should  be 
noted,  however,  that  Axelsson  and  Llndhe  reported  carles  prevalence  and 
carles  Incidence  In  a  Swedish  population  similar  to  those  In  the  present 
study . 

The  results  showed  that  rinsing  with  SnF2  was  more  effective  than 
acidulated  NaF  in  highly  carles  active  patients.  A  possible  explanation 
for  this  might  be  the  better  antimicrobial  effect  of  SnF2,  demonstrated  by 
the  lowered  S.  mntans  levels  In  the  SnF2  group.  This  is  In  agreement  with  a 
study  by  ZIckert  £±  £-L.  who  showed  that  another  antibacterial  agent, 
Chlorhexldlne  gluconate,  reduced  both  .S*.  mutans  and  carles  Incidence  In 
children  with  high  caries  activity.  Thus,  highly  carles  active  patients 
screened  by  means  of  elevated  iu.  mutans  may  be  effectively  treated  by 
agents  directed  against  the  pathological  microorganisms.  It  should  be 
notea  that  even  though  the  SnF2  rinsing  reduced  the  carles  Incidence  more 
than  acidulated  NaF,  the  remaining  caries  activity  was  still  high.  Similar 
finding  have  been  reported  by  Seppa  si  sh. 

Aside  from  the  number  of  S.  mutans.  high  caries  activity  can  be  the 
result  of  low  enamel  resistance,  high  sucrose  Intake  and/or  low  salivary 
flow.  With  factors  other  than  elevated  pathogenic  microorganisms,  SnF2  may 
not  be  better  than  other  fluoride  compounds  at  reducing  caries  activity. 
The  effect  of  these  other  factors  may  explain  why  highly  caries  active 
patients  given  the  same  treatments  may  be  affected  differently. 

we  cannot  tel  I  if  the  acidulated  NaF  treatment  and/or  oral  hygiene 
appointments  had  any  effect  on  caries  incidence  in  this  population  cue  to 
the  lack  of  a  control  population.  Both  a  positive  effect  and  a  poor  effect 


for  NaF  treatment  have  been  reported  In  highly  carles  active  children.  It 
is  obvious,  though,  that  a  finding  of  4.4  new  lesions  after  1  year  in  the 
acidulated  NaF  group  is  extremely  high,  and  consequently  the  dally 
acidulated  NaF  regimen  appears  to  have  had  only  a  limited  effect. 

A  surprising  finding  In  this  study  was  that  those  patients  who  were 
Identified  as  strictly  adhering  to  the  regimen  (rinsing  twice  a  day)  did 
not  seem  to  develop  fewer  lesions  than  those  who  were  known  to  use  the 
mouthrlnse  less  frequently.  This  finding  Is  In  contrast  to  other  studies 
showing  that  frequent  fluoride  exposures  are  inversely  related  to 
development  of  new  lesions.  Possibly  either  our  criterion  for  strict 
compl  lance  (missing  less  than  4  rinsings  out  of  60  per  month),  or  a  more 
than  opt lm turn  fluoride  regimen,  could  contribute  to  the  lack  of  difference 
between  the  compliant  and  partially  compliant  subjects. 

The  drop-out  figure  (45$)  was  very  high.  No  study  similar  to  this 
one  has  been  reported  and  perhaps  rinsing  twice  a  day  is  excessive 
behavioral  change  for  patients  who  have  high  caries  experience. 

in  conclusion,  this  study  found  that  highly  carles  active  patients 
could  be  identified  by  means  of  caries  prevalence  and  sal  I  vary  jL.  m  utans 
levels.  All  patients  continued  to  be  carles  active  after  one  year  despite 
the  use  of  two  dally  fluoride  mouthrinses;  however,  the  subjects  rinsing 
with  SnF2  developed  approximately  half  the  number  of  new  carious  lesions  to 
those  subjects  rinsing  with  acidulated  NaF. 
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STUDY  5:  EFFECT  OF  SNF2  AND  ACIDULATED  NAF  MOUTHRINSES 
ON  FT.AQUE  AND  GINGIVITIS  IN  ADULTS  WITH  HIGH  CARIES  PREVALENCE 


INTRODUCTION 

Efforts  to  prevent  or  treat  periodontal  diseases  are  aimed  at  the 
control  of  plaque,  either  through  mechanical  or  chemical  means.  Based  on 
numerous  short  and  long  term  studies,  the  antiseptic  ch 1 orhex I d I ne  Is  now 
the  most  used  adjunct  In  treating  these  diseases.  Short  term  studies  also 
have  demonstrated  SnF2  to  be  effective  In  plaque  reduction  when  used  as  a 
mouthrlnse  twice  dally.  Only  one  study  has  examined  the  use  of  SnF2  on  a 
long  term  basis.  In  this  study,  school  children  rinsing  once  a  day  for  4 
months  with  SnF2  had  lower  plaque  scores  than  those  rinsing  with  NaF,  but 
no  difference  was  found  In  gingivitis  scores  between  the  two  groups. 

As  part  of  a  comprehensive  study  on  adults  with  rampant  caries 
adjunctively  rinsing  with  either  SnF2  or  NaF,  we  examined  their  plaque  and 
gingivitis  levels  longitudinally.  This  report  d  1  scribes  the  differences 
between  the  two  groups  In  the  periodontally  related  parameters  after  1 


MATERIAL  AND  METHODS 


The  subjects  for  this  study  were  selected  by  their  high  caries 
prevalence,  and  by  their  high  numbers  of  sal  I  vary  mutans.  Of  the  Initial 
37  subjects,  22  remained  In  the  study  after  1  year.  The  subjects  were 
further  catagorlzed  as  compliant  or  partially  compliant.  Partial 
compliance  was  defined  as  those  who,  by  their  own  report,  missed  more  than 
4  mouthrinses  per  month,  or  who  were  Inconslstant  with  their  mouthrinsing. 
These  reportrs  were  verified  by  monitoring  the  patients  remalnig  supply  of 
mouthrinse  and  by  monthly  questioning  of  the  patients  regarding  their 
f  I  uor I de  usage. 

Following  baseline  examination,  subjects  were  instructed  to  use  10  ml 
of  their  mouthrlnce  twice  daily  for  one  minute  per  rinse.  The  SnF2  rinse 
( I  rad  I cav,  Johnson  and  Johnson  Co.,  East  W I ndsor,  N.  J.)  was  d i I uted  w i th 
water  (1  part  SnF2:  4  parts  water)  immediately  before  use  to  produced  a 
final  fluoride  concentration  of  200  ppm  and  a  pH  of  3.4.  The  acidulated 
NaF  mouthrinse  (Phos-Flur  Oral  Rinse,  Hoyt  Laboratories,  Needham,  Mass.) 
was  used  at  ful  I  strength  at  a  concentration  of  200  ppm  fluoride  and  a  pH 
of  4.0.  One  month  after  the  Initiation  of  mouthrinsing,  each  subject  had  3 
dental  hyglence  visits  at  one  week  intervals.  Oral  hygience  Instruction, 
prophylaxis,  and  scaling  and  root  planning  were  performed  by  one  dentral 
hygenist,  bl i nd  to  the  patients  treatment  catagory.  The  subjects  also 
received  complete  restorative  treatment  by  dental  residents.  In  order  to 
reinforce  oral  hyglence,  monitor  fluoride  usage  and  resupply  the  subjects 
with  fluoride  mouthrinse,  they  were  contacted  monthly. 

The  baseline  and  1,  3,  6,  and  !  year  subsequent  examinations  Included 
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gingival  index  and  plaque  Index  which  were  recorded  by  one  examiner,  blind 
as  to  the  subjects  groupings.  The  Gl  and  PM  data  was  reduced  to  frequency 
of  scores  and  means  for  each  subject.  The  frequency  scores  were  then 
converted  to  "$  of  sites  with  plaque"  (le.  PM  score  of  1,2, or 3),  and  to  "% 
of  sites  with  bleeding"  (le.  Gl  score  of  2  or  3).  Individual  percentages 
were  then  averaged  for  each  group.  The  scores  for  each  subject  were  also 
converted  to  mean  Gl  and  PI1  and  then  analyzed  as  parametric  data  using 
analysis  of  variance  for  repeated  measures.  This  test  enabled  longitudinal 
as  well  as  cross  sectional  evaluation  of  each  group. 


RESULTS 


The  subjects  in  this  investigation  represented  essentially  a  poorly 
compliant  population.  Sixteen  subjects  dropped  out  In  the  first  year;  and 
of  the  remaining  22,  only  13  were  considered  compliant  in  their  use  of  the 
mouthr i nse. 

After  one  year,  both  the  SnF2  and  the  NaF  'Total"  (compliant  and  non- 
compliant  subjects)  groups  demonstrated  a  significant  decrease  In  plaque 
(mean  differences  of  66$  and  62$,  respectively.  However,  no  significant 
difference  was  found  In  plaque  scores  betweeen  the  SnF2  and  NaF  groups 
(Table  16). 

Gingival  Inflammation  was  significantly  reduced  in  the  Total  SnF2 
group,  both  I ong I tud I  a  I  I y  from  baseline  (23$),  and  cross  sectional  ly 
compared  to  the  Total  NaF  group  (17$).  Statistical  differences  In  the  Gl 
reduction  between  groups  Is  seen  In  the  Total  and  Compliant  groupings,  but 
not  In  the  Non-comp  I  iant  subjects  when  analyzed  separately  (Table  17). 

A  further  analysis  was  performed  to  correlate  Individuals  mean  plaque 
score  to  their  mean  gingival  score.  Plaque  scores  were  positively 
correlated  to  gingival  scores  In  those  subjects  rinsing  with  NaF  (r  =.83); 
however,  in  the  SnF2  group  the  subjects  plaque  scores  had  a  significant 
inverse  relationship  to  the  gingival  scores  (r  =  -.57). 
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DISCUSSION 


The  reduction  In  plaque  scores  from  basel I ne  to  1  year  in  both  the 
SnF2  and  NaF  rinsing  groups  was  expected  sine  all  subjects  had  thorough 
instruction  and  reinforcement  in  oral  hygiene.  This  significant 
Improvement  In  the  subjects  oral  hygiene  and  the  eventual  low  plaque  scores 
probably  hinders  the  possiblility  of  observing  differences  in  plaque  scores 
between  groups.  Furthermore,  several  studies  have  described  a  increased  in 
non-bacterial  pel  I icle  on  tooth  surfaces  of  subjects  rinsing  with  SnF2. 
Since  pellicle  is  not  readily  distinguishable  from  plaque  with  clinical 
indices,  this  tooth  deposit  would  also  confound  plaque  scores.  Evidence 
that  subjects  in  the  SnF2  group  had  non-bacterial  deposits  on  their  teeth 
is  suggested  by  the  negative  correlation  between  the  plaque  scores  and  the 
gingival  scores  in  the  SnF2  group. 

This  study  did  find  that  SnF2  was  an  adjunct  in  decreasing  gingival 
Inflamation.  The  lower  frequency  of  bleeding  sites  and  tne  corresponding 
lower  mean  Gl  scores  In  the  SnF2  group  compared  to  the  NaF  group 
demonstrates  that  rinsing  with  SnF2  favorably  affected  gingival  health. 
Since  we  have  also  noted  decreased  caries,  and  greatly  reduced  iL  mutans  in 
these  same  subjects  rinsing  with  SnF2  compared  to  NaF,  SnF2  may  have 
advantages  at  least  in  subjects  with  dental  disease.  This  noted  effect  of 
SnF2  on  gingivitis  levels  differs  from  the  only  other  long  term  examining 
this  parameter.  Perhaps  our  population  of  adults  with  existing 
gingivitis,  or  the  fact  that  our  subjects  rinsed  twice  a  day,  seven  days  a 
week  could  account  for  the  differences. 

Theor i 1 1 ca  I  I  y  SnF2  has  the  potential  of  affecting  gingival  health. 


Studies  in  vivo  have  shown  that  SnF2  irrigated  Into  periodontal  pockets 
dramatically  reduces  the  number  of  presumptive  per  I  odontopath  I  c 
microorganisms  and  gingival  bleeding,  and  |n  v|fro  studies  have  shown  that 
SnF2  Is  more  effective  than  other  fluoride  compounds  In  Inhibiting  growth 
and  vlablity  of  JB*.  melogen Icus.  and  Actinomyces  species. 

From  several  short  term  studies  showing  antiplaque  effects  of  SnF2  and 
the  present  study  showing  a  small  but  significant  affects  on  gingivitis, 
frequent  rinsing  with  SnF2  may  have  greater  effect  than  other  fluoride 
rinses  In  treatment  of  subjects  with  high  carles  activity  and  periodontal 
disease.  However,  as  we  observed  In  this  study  It  may  be  difficult  for  the 
average  patient  to  follow  a  regime  of  twice  a  day  rinsing  over  an  extended 
period.  Perhaps  other  del ivery  systems  or  regimens  that  don't  require  as 
much  patient  cooperation  are  necessary  as  a  large  scale  public  health 


measure. 


STUDY  6:  SAFTEY  AND  ANTIBACTERIAL  PROPERTIES  OF 


CONTROLLED  RELEASE  SNF2 


INTRODUCTION 


Sustained  release  delivery  of  drugs  has  several  advantages:  (1)  It 
enable  lower  dosage  of  drugs  because  the  agent  Is  released  near  the 
Intended  site  of  action,  (2)  It  overcomes  problems  of  side  effects  because 
of  the  lower  therapeutic  levels;  (3)  It  reduces  need  for  patient 
envolvement;  and  (4)  It  eliminates  the  need  for  frequent  drug 
adm Ini strat Ion. 

In  dentistry  sustained  release  systems  have  been  explored  for 
delivery  of  steroids,  anti-fungal  drugs;  antibacterials  ;  and  fluorides  for 
the  control  of  dental  caries  and  rem ! nera I  Jzati on.  To  date  the  largest 
a  clinical  study  has  been  performed  with  a  tri  laminate  methacrylate  sodium 
fluoride-releasing  device  cemented  to  the  buccal  surfaces  of  teeth  of  11 
subjects.  The  Intraoral  device  was  found  to  elevate  the  levels  of  fluoride 
In  plaque,  saliva  and  urine,  but  had  no  effect  on  plaque  or  gingival 
parameters. 

Fluoride  Ions  may  act  as  a  therapeutic  agent  by  altering  bacterial 
metabolism  as  well  a  reacting  physicochemical ly  with  enamel  to  reduce 
enamel  solubl  I  Ity  or  remineral  Ize  Initial  caries.  Stannous  fluoride  has 
been  shown  to  have  a  greater  effect  on  bacterial  metabol  Ism  than  other 
fluoride  compounds.  Pilot  studies  with  stannous  fluoride  Incorporated  In 


po  I  ycarboxy  I  ate  cement  and  used  as  a  temporary  Intercoronal  restoration 
have  been  performed  to  test  Its  potential  as  an  antiplaque  device.  These 
studies,  performed  ±q  _v  1  tro  and  In  one  subject,  demonstrated  that  the  SnF2~ 
po 1  year  boxy  I  ate  cement  had  sufficient  compressive  strength,  released  of 
fluoride  at  therapeutic  levels,  had  acceptable  clinical  properties,  and 
caused  a  visual  change  In  plaque  formation  . 

Based  on  these  favorable  Initial  experiments,  the  present  cl Inlcal 
study  was  performed  to  further  evaluate  the  saftey  and  efficacy  of  the 
SnF2~po I ycarboxy I  ate  Intercoronal  restoration  In  two  human  clinical  trials. 


MATERIALS  AND  METHODS 


Safety  and  F I uor I de  Release 

Eight  subjects  were  used  to  test:  I.  the  Integrety  of  the  SnF2 
pol  ycarboxy  I  ate  cement  as  an  Intracoronal  restoration;  2.  the  potential 
side  effects;  3.  the  oral  release  of  fluoride  from  the  cement,  and  4.  the 
charge  of  fluoride  levels  In  the  urine.  Subjects  consisted  of  dental 
students  and  dental  assistants  who  consented  to  the  study  and  had  a 
defective  restoration  In  a  molar  tooth  requiring  at  least  a  two  surface 
restoration.  The  trial  period,  when  the  slow  release  restoration  was  In 
place,  lasted  34  days. 

A  week  prior  to  the  trial  and  during  the  trial  period,  al  I  subjects 
were  given  fluoride  free  toothpaste  and  Instructed  to  use  only  this 
toothpaste  until  the  experiment  was  over. 

The  SnF2“P° I ycarboxy I  ate  cement  was  prepared  by  combining  pulverized 
SnF2  with  pol ycarboxy 1  ate  powder  (Durelon,  Premier)  In  a  ratio  of  1:1 
(W/W).  The  fluoride  crystals  were  pulverized  to  a  fine  powder  by 
triturating  the  compound  In  a  dental  amalgamator  (Wiggle-bug,  LPGO,  Cresent 
Dental)  for  I  minute  at  maximum  velocity. 

The  test  tooth  In  each  subject  was  prepared  conventionally  for  an 
Intracoronal  restoration.  Orthodontic  bands  were  then  fitted  around  the 
test  tooth.  (The  bands  were  used  to  prevent  tooth  drift  In  case  the 
temporary  restoration  was  lost  prematurely.)  The  SnF2~po I  year  boxy  I  ate 
powder  was  mixed  with  the  po I ycarboxy I  ate  Mould  accord  I ng  to  manufacturers 
instructions  and  used  to  cement  the  oi  thodontic  band  around  the  tooth  as 
well  as  restoring  the  tooth.  Approx i mate  I y  300mg  SnFo  (7?mg  F~)  was  used 
in  each  restoration.  The  teeth  were  kept  dry  throughout  al I  procedures 
with  the  aid  of  rubber  dam  isolation.  After  the  cement  had  hardened,  the 


rubber  dam  was  removed  and  occlusion  of  the  restoration  was  adjusted. 
Besides  giving  the  subjects  Instructions  about  giving  sal Iva  and  urine 
samples,  the  subjects  maintained  normal  oral  hygiene  and  activity.  The 
temporary  restorations  were  photographed,  approximately  1:1,  at  the  time  of 
placement  and  again  at  the  end  of  the  trial  period.  At  t fie  end  of  the 
trial,  the  slow  release  restorations  were  replaced  with  either  amalgam  or 
gol d  restorations. 

Twice  prior  to  the  trial  period  and  twice  weekly  during  the  trial 
period,  salivary  and  urinary  samples  were  collected  between  8  and  10  a.m. 
Salivary  samples  consisted  of  whole  saliva,  stimulated  by  having  subjects 
chew  on  parafln.  Saliva  and  urine  samples  were  diluted  1:1  with  ionic 
strength  buffer  (TISAB  with  COTA).  The  fluoride  Ion  concentrations  of  the 
samples  were  then  determined  using  a  combination  fluoride  electrode  (Orion, 
model  96-09)  connected  to  a  digital  readout  electrometer.  MMIvolt 
readings  of  the  samples  were  compared  to  those  of  NaF  standards. 

£1  f  1  cac.y 

Fourteen  subjects  were  alternately  assigned  Into  2  groups  so  that  half 
had  a  control  led  release  Sn F2  restoration  placed  In  a  molar  and  half  had  a 
placebo  restoration  (IRM).  As  In  the  previous  trial  the  subjects  were 
dental  students  or  assistants  who  required  two  or  more  surface  restoration 
in  a  permanent  molar. 

A  two  week  initial  preparation  period.  In  which  all  subjects  were 
scaled,  polished  and  given  detailed  Instructions  In  effective  plaque 
control,  preceded  the  experimental  period.  On  day  one  of  the  experimental 
period  a  temporary  restoration  of  either  b0%  Snp2  'n  po I ycarboxy I  ate  cement 
or  IPM  was  placed  within  a  cavity  preparation  of  a  toot1  of  the  appropriate 
subject.  The  procedure  was  Identical  to  the  previous  trial  except  that 
orthodontic  bands  were  not  used  this  time  around  the  restoration.  Subjects 
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were  then  Instructed  to  abstain  from  all  forms  of  active  oral  hygiene  for 
the  next  14  days.  Following  the  14  days  trial  period,  permanent 
restorations  were  placed  In  the  test  teeth,  oral  hygiene  was  reinstituted, 
and  each  subject  received  a  profeslonal  tooth  cleaning.  Subjects  continued 
to  be  followed  for  2  weeks  after  the  experimental  period  (Figure  6). 

M I crob I ol og I c  baseline  samples  were  taken  twice  before  the  trial  (one 
week  prlo  and  Immediately  before  the  temporary  restoration  was  placed). 
M I  crob  i  ol  og  I  c  samples  from  each  subject  were  again  taken  on  day  7  and  14  of 
the  trial  and  twice  during  the  post-trial  period.  The  m 1 crob 1 ol og 1 c 
procedures  consisted  of  enumerating  total  colony  forming  units,  S.  sanguis,, 
and  iL.  [nutans  from  salivary  samples.  Stimulated  saliva  from  each  subject 
was  collected  as  previously  described  In  the  morning  for  each  designated 
period.  One  ml  of  saliva  from  each  subject  was  diluted  with  3  ml  of 
reduced  transport  fluid  without  ethy lened I  am  I ne  tetraacetate,  sonicated  for 
10  sec.  at  output  setting  4  (Bronson,  BI5,  with  mlcrotlp),  and  then 
serially  diluted.  Samples  were  plated  onto  enriched  tryptlcase  soy  blood 
agar,  MM10  with  20$  sucrose  and  HLR  with  20$  sucrose  and  0.2  units 
bacitracin.  Special  sectors  containing  20  to  50  colonies  were  quantitated 
for  total  colony  forming  into  units,  iL  sanguis  and  iL  mutans. 
respectively.  iL  sangu  1  s  and  mutans  were  Identified  by  morphologic 
criteria.  Questionable  colonies  of  JL.  mutans  were  subjected  to  biochemical 
analysis.  The  mean  of  2  samples  for  each  time  Interval  was  used  to 
distrbute  each  subject  into  ranges  with  regard  to  total  colony  forming 
units,  iL  sanguis  and  mutans. 

Clinical  measurements  of  g I ng I v 1 1 1 s-G.  I .  and  plaque-PM  were  taken  on 
each  subject  immediately  prior  to  placement  of  the  temporary  restoration 
and  measurements  were  repeated  on  days  7,  14,  and  28.  The  mean  frequency 


of  scores  "0"  and  "2"  for  each  subject  were  used  to  determine  the  group 
mean  scores  of  "0"  and  "2"  at  each  scoring  period. 


RESULTS 


Safety  and  F I uor 1 de  Release 

Of  the  8  subjects  who  had  the  SnF2~po I ycarboxy I ats  temporary 
restorations  placed  In  a  molar  tooth,  7  completed  the  34  day  trial.  One 
subject  was  discontinued  after  5  days  because  the  proximal  portion  of  the 
restoration  broke.  All  the  subjects  on  the  first  day  experienced  pain  and 
gingival  Irritation  where  the  orthodontic  band  and  SnF2~  poi  ycarboxy  I  ate 
cement  that  was  used  to  cement  the  orthodontic  band  touched  the  gingiva. 
Because  of  the  Irritation,  the  orthodontic  band  and  cement  that  held  the 
band  was  removed  from  al 1  subjects  after  the  second  day. 

The  baseline  salivary  fluoride  levels  for  all  subjects  was  less  than 
0.5  ppmF~.  The  salivary  fluoride  levels  Increased  to  a  mean  of  1.5  ppm  on 
the  second  day  after  the  restoration  was  In  place.  The  salivary  fluoride 
levels  sharply  decl  I  ned  on  day  6  to  a  mean  of  0.5  ppm  and  then  gradual  ly 
decreased  during  the  rest  of  the  trial.  Detectable  levels  of  fluoride 
above  baseline  were  still  found  at  4  weeks.  Over  the  course  of  the  34  day 
trial  the  mean  salivary  fluoride  level  was  0.3  ppmF  (Figure  7). 

Baseline  urinary  fluoride  levels  were  approximately  0.7  ppmF.  On  the 
second  day  of  the  trial  the  mean  ur I  nary  fluoride  level  of  the  subjects  was 
2.2  ppm.  Urinary  fluoride  levels  were  only  slightly  above  baseline  after 


day  t  (Figure  8). 


Except  for  a  delay  In  the  setting  time  (approximately  15  minutes),  the 
Snp2-P° I ycarboxy I  ate  combination  was  similar  to  that  of  unaltered 
pol ycarboxy I  ate  cement.  Excluding  the  one  broken  restoration,  the  Integrity 
of  the  filling  material  was  excellent  during  the  trial  period.  There  was 
no  noticeable  wear  of  the  restoration  on  the  margins  or  on  the  proximal 
contact.  Al  I  restorations,  however,  had  a  change  In  color  from  white  to 
dark  grey  (Figure  9). 

Efficacy 

Subjects  receiving  the  SnF2~po I ycarboxy 1  ate  cement  and  whose  cavity 
design  extended  subg I ng 1 va I  I y  again  experienced  pain  and  gingival 
Irritation  lasting  2-3  days.  Gingival  sloughing  of  the  sulcular  epithelium 
appeared  to  have  occurred  in  2  subjects  who  had  preparations  extending 
several  mlllmeters  subg I ng I va I  I y. 

Categorization  of  subjects  by  the  number  of  total  colony  forming 
unlts/ml  saliva  revealed  a  shift  to  Increased  number  of  bacteria  In  those 
subjects  receiving  the  control  cement  during  the  experimental  period.  No 
increase  In  total  CFU  was  observed  in  those  subjects  having  the  SnF2 
restoration  (Table  18).  Subjects  distributed  by  iL.  nutans  recoveries  at 
the  different  Intervals  revealed  that  during  the  experimental  period  there 
was  a  shift  upward  In  iu.  mutans  In  those  subjects  having  the  placebo  while 
there  was  a  shift  downward  In  those  subjects  having  the  SnF2  restoration 
(Table  19).  As  with  total  CFU,  the  iL  sanguis  counts  increased  during  the 
experimental  period  and  decreased  in  the  post-experimental  period  (Table 
20).  However,  no  difference  between  the  SnF2-pol ycarboxy I  ate  group  and  the 
placebo  group  could  be  noted  at  any  time  interval. 

Plaque  scores  of  al  I  the  subjects  were  excel  lent  at  basel  i ne  as  shown 
by  the  high  number  of  "0's"  and  the  low  number  of  "2's".  After  7  days  of 
no  oral  hygiene  in  the  experimental  period,  both  groups  had  a  similar  high 


number  of  "2"  scores.  At  14  days,  the  frequency  of  score  "2"  was  16$  less 
In  the  SnF2  group.  At  the  end  of  the  14  day  post-trial  period,  the  large 
number  of  "0"  scores  Indicated  re  1 nst I  tut i on  of  excellent  oral  hygiene 
practices,  but  the  placebo  group  showed  a  10$  higher  number  of  "0"  scores 
(Table  21). 

The  gingival  health  of  the  subjects  was  also  excellent  as  shown  by  the 
high  frequency  of  "0"  Gl  scores  In  both  groups.  Little  change  in  gingival 
health  was  noted  until  the  end  of  the  trial  per  lod  (2  weeks  without  oral 
hygiene).  No  difference,  however,  was  detected  in  gingivitis  levels  at 
this  time.  The  post- trial  Gl  scores  showed  that  all  subjects'  gingival 
health  returned  to  baseline  levels  (Table  22). 

DISCUSSION 

The  present  cl  Inical  trials  were  designed  to  examine  the  safety  and 
efficacy  of  a  controlled  release  delivery  system  of  SnF2  In  a  small  number 
of  human  subjects.  Although  the  study  designs  do  not  permit  statistical 
tests  of  significance,  certain  trends  are  apparent. 

The  compatibility  of  large  quantities  of  SnF2  po I  year  boxy  1  ate 
cement,  as  shown  In  a  previous  pilot  study  Is  apparent.  The  SnF2 
restorations  showed  no  signs  of  wear  or  loss  of  Integrity  In  both  the 
trials.  The  release  of  SnF2  from  pol ycarboxy I  ate  cement  as  measured  by  the 
salivary  fluoride  levels  over  a  34  day  period,  was  similar  to  release 
patterns  of  other  drugs  from  control  led  release  devices  .  There  was  an 
initial  large  release  of  fluoride  In  the  first  days  followed  by  a  an  linear 
decline  in  salivary  fluoride  levels  over  month  period.  The  mean  f I uor : ce 
levels  over  the  month  period  of  0.3  ppm  F  may  have  been  less  than  optimal. 
This  release  rate,  however,  may  be  real Istlc  relative  to  having  only  cne 
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restoration  In  the  mouth  of  each  subject.  The  finding  of  only  minor 
increases  in  urinary  fluoride  levels  further  substantiates  the  systemic 
safety  of  this  release  system. 

The  side  effect  of  gingival  Irritation  and  consequent  patient 
discomfort  where  the  restoration  touched  gingival  tissues  can  not  be 
ignored.  Both  Snp2  and  acidulated  NaF  have  been  reported  to  cause 
irritation,  of  crevicular  epithelium  especially  In  the  presence  of  gingival 
Inflamation.  In  this  delivery  system,  where  gingival  tissues  are  Irritated 
due  to  operative  procedures,  Inflamation  of  the  gingiva  surrounding  the 
tooth  receiving  the  temporary  restoration  can  not  be  avoided.  However,  In 
the  future,  avoiding  soft  tissue  contact  of  the  SnF2~P° lycarboxy I  ate 
restoration  may  be  possible  by  placing  this  restoration  only  in  situations 
where  It  does  not  touch  the  gingiva,  (I.e.  Class  I  restorations),  or  by 
protecting  the  gingiva  with  an  orthodontic  band  cemented  around  the  tooth 
with  a  non-fluorlde  containing  cement  prior  to  placement  of  the  controlled 
release  restoration. 

Some  effect  on  both  the  quantity  and  proportion  of  microorganisms  was 
noted  in  those  subjects  who  had  a  SnF2-P°lycarboxylate  restorations  in 
place.  While  there  was  an  Increase  of  recovery  of  total  colony  forming 
units  from  salivary  in  the  placebo  group  during  the  experimental  period, 
probably  due  to  suspension  of  oral  hygiene  In  this  period,  a  decrease  In 
total  bacteria  was  noted  In  the  SnF2  group.  This  decrease  in  sal  Ivary 
microorganisms  may  be  selective  since  JL.  sanguis  recoveries  showed  no 
difference  between  group  but  mutans  recoveries  appeared  less  in  those 
subjects  raving  the  SnFo  restoration.  This  selectivity  of  SnF2  against  fu. 
niitiiTUi  has  been  previously  observed. 

The  effect  of  the  SnF^  del ivery  system  against  plaque  and  gingivitis 
was  not  immpressive.  Only  at  one  data  point,  the  frequency  PL  1  score  2  at 


day  14,  showed  a  reduction  of  16?  for  those  subjects  who  had  the  SnF2 
controlled  release  devices  in  place.  We  had  little  expectation  of  finding 
differences  between  groups  with  regard  to  these  parameters.  The  large 
pellicle  deposits  produced  by  SnF2  Interfere  with  traditional  plaque 
scoring  methods.  Other  measurement  systems  which  take  this  problem  Into 
account  should  be  used  when  visualizing  plaque  In  a  study  using  SnF2> 
Gingivitis  scores  were  not  different  between  the  SnF2  group  and  the  placebo 
group.  However,  the  study  period  of  only  2  weeks  does  not  permit  enough 
time  for  gingivitis  to  develop  In  experimental  gingivitis  model.  Longer 
term  studies  using  SnF2  at  higher  concentrations  In  animals  and  humans  have 
shown  reduced  glngivites  due  to  Snp2* 

These  present  studies  must  be  compared  to  the  results  found  with  a 
recently  reported  study  with  controlled  release  NaF.  In  that  study  2 
membrane  controlled  release  NaF.  In  that  study,  two  membrane  controlled 
devices  containing  42  mg  each  of  NaF  (total  of  38  mg  F“/sub Ject)  were 
cemented  to  first  molar  of  I  I  subjects.  Side  effects  In  that  study  were 
that  2  devices  fell  off  and  several  subjects  reported  that  the  device 
caused  Irritation  to  soft  tissues.  The  membrane  control  led  devices  did 
Increase  fluoride  levels  In  saliva  and  plaque,  but  no  changes  could  be 
found  In  clinical  plaque,  gingivitis  or  microbial  parameters. 

Obviously,  devices  for  the  control  led  release  of  fluoride  need  more 
development  and  cl Inlcal  trials  before  they  can  be  accepted  as  a 
therapeutic  approach  on  a  population  basis.  Further  clinical  trials  that 
have  reduced  tissue  irritation.  Increase  the  amount  and  duration  fo 
fluoride  release  and  greater  bacterial  effect  need  to  be  achieved.  Perhaps 
use  of  SnF2  in  these  release  systems,  because  of  Its  apparent  selectivity 
against  iL  mutans  and  employment  of  an  intercoronal  delivery  system  because 
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Cation 

Anion 

(  ppm) 

iPPm) 

pH’s 

— 

2.5,  6.0* 

303 

250 

2.5,  3.0,  5.5*,  6.0,  7.0 

783 

250 

2.0,  2.5,  3.0,  3.5*,  4.0 

5.0,  6.0,  7.0 

783 

463** 

2.5*,  7.0 

390 

250 

2.3 

428 

250 

5.2* 

418 

250 

3.0,  6.0 

545 

100*** 

3.0,  6.0 

♦unadjusted  pH 

**SnCl2  prepared  to  be  cationicly  equal  to  that  of  SnF2. 


***PbP2  not  soluble  at  250  ppm  F. 


Agent 

Agent 

PH  ... _ 

Acid 

Production 
_ (A  pH) 

Plaque 

Score3 

Plaque 

Weight 

(mg) 

Metal /mg 
Plaque 
(pq) 

NaF 

5.5 

2.7 

3 

9.8  ♦  0.6 

N.D. 

ZnF^ 

5.2 

2.8 

3 

10.0  ♦  0.5 

0.05  ♦  0.01 

SnF4 

2.3 

2.6 

3 

10.9  ±  0.2 

8.9  ±  2.0 

SnF^ 

3.5 

0.4 

<1 

1.3  ±  0.4 

39.1  t  1.4 

a  Scored  by  McCabe  method 
N.D.  =  Non-detected 

N=3 ;  x  .♦  S.D. 

Table  2:  Effect  that  twice  daily  exposure  of  listed  fluoride  compounds  (250  ppm  F" 
had  on  several  growth  parameters  and  metal  uptake  of  S.  mutans  NCTC 
10449. 


Agent 

Agent  pH 
(adjusted ) 

Acid 

Production 
_ (A  PH) _ 

Plaque 

Scored 

Plaque 

Weight 

(m9) 

Metal /mg 
Plaque 

(pq) 

h2o 

2.5 

2.8 

4 

11.0  ±  0.2 

N.D. 

7.0 

2.7 

4 

10.7  .♦.  0.5 

N.D. 

NaF 

2.5 

2.5 

4 

12.5  ±  0.5 

N.D. 

7.0 

2.7 

4 

11.2  ±  0.9 

N.D. 

SnCl2 

2.5 

2.7 

4 

12.3  ±  0.6 

1.4  ±  0.6 

7.0 

2.7 

4 

11.1  ±  0.7 

0.3  ±  0.1 

SnF^ 

2.5 

1.7 

2 

7.2  ±  2.0 

13.6  ♦  4.1 

7.0 

2.6 

4 

13.0  ±  0.5 

0.5  i  0.1 

n  Scored  by  McCabe  method. 
N.D.  =  Non-detected 
N  =  3;  x  •  S.D. 


Table  3:  Effect  that  twice  daily  exposure  of  fluoride  compounds  (250  ppm  F_)  or 
controls  adjusted  to  low  or  neutral  pH,  had  on  S.  mutans  ilCTC  10449 
growth  and  metal  uptake. 


^gent 

Agent  pH 
(adjusted) 

Acid 

Production 
(a  PH)_ 

Plaque 

Score0 

Plaque 

Weight 

(ml 

Metal /mg 
Plaque 

_ ImL  _ 

MaF 

3.0 

1.9 

3 

5.7  ±  0.2 

N.D. 

6.0 

2.3 

3 

4.6  i  1.0 

N.D. 

PbF2 

3.0 

1.9 

3 

6.7  ±  0.3 

3.3  ±  0.5 

6.0 

2.0 

3 

5.5  ±  0.1 

2.4  ±  0.7 

.■*  Scored  by  McCabe  method. 

N.D.  =  Non-detected. 

N  =  3;  x  ±  S.D. 

Table  5:  Effect  that  twice  daily  exposure  of  NaF  (250  ppm  F-)  or  PbF2  (100  ppm  F")  had 
on  S.  mutans  NCTC  10449  growth  and  metal  uptake. 


CARIES 

SCORE 


MICROBIAL 

RECOVERY 


T  x  n 

ENAMEL  Red.  DENTINAL  Red. 

X106 

H20  13 

6.54  ±  1.80t 

- 

3.23  ±  2.45 

-  ‘ 

37.6  ±  36.0 

NaF  14 

3.85  ±  1.51* 

41% 

0.57  ±  0.94* 

82% 

19.9  ±  21.4 

SnF2  13 

3.69  ±  2.10* 

44% 

0.46  ±0.78* 

86% 

27.6  ±  32.5 

t  x  i  S.D. 


*  Significantly  different  from  deionited  H2O  group,  p  <  .05 


Table  8 

Caries  Scores  and  S.  Nutans  Recovery  in  Hamsters  Drinking 
Deionized  H20,  NaF,  or  SnF2  (5  ppm  F" )  for  64  Days. 


Agent  n  Baseline*  1  Month  3  Months  6  Months  12  Months 


aseline  and  after  1,  3,  6,  and  12  months. 
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Figure  3:  Electron  micrograph  of  S.  rnujt_an_s  exposed  to  SnF?  (250  ppm  F~) 
Note  frequent  intracellular  electron  dense  granules  (black 
arrows)  and  electron  lucent  holes  (white  arrows). 

Unstained,  X80.000 
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Figure  5:  Means  and  standard  deviations  of  enamel  and  dentinal  carioiis  lesions 
per  hamster  drinking  either  deionized  H20,  NaF,  or  SnF2  (5; ppm  F-). 
Experimental  caries  was  produced  by  oral  inoculation  of  streptomycin 
resistant  S.  mutans  NCTC  10449  and  by  NIH  diet  2000.  Exposure  to 
fluoride  started  when  animals  were  approximately  38  days  old  to 
provide  essentially  a  topical  effect. 
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Urinary  fluoride  levels  (mean  and  S.D.)  from  7  subjects  in  the  trial  for  safety.  SnF2 
polycarboxylate  cement  was  placed  in  a  molar  tooth  on  day  0  and  removed  on  day  34.  Tr 
was  preceded  by  2  baseline  levels. 


